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Engineering  Review 
Executive  Summary 


In  their  review  of  engineering  programs,  the  team  of  outside 
evaluators  chaired  by  Dr.  Joseph  Hogan,  identified  problems  in 
Massachusetts  which  are,  in  many  respects,  similar  to  problems  found 
nationwide.   Recent  significant  increases  in  undergraduate 
enrollments  have  resulted  in  overcrowded  classrooms  and 
laboratories.   The  increased  enrollments  and  simultaneous  advances 
in  technology  have,  in  turn,  contributed  to  the  problem  of 
inadequate  and  outmoded  facilities  and  equipment. 

On  the  graduate  level,  several  factors  have  contributed  to  an 
overall  decline  in  enrollment.   Since  baccalaureate  engineers  can 
demand  high  salaries,  fewer  choose  to  pursue  graduate  work.   The 
increase  in  undergraduate  enrollments  has  placed  demands  on  faculty 
to  teach  undergraduate  classes,  leaving  them  with  less  time  to  carry 
on  research  and  to  advise  graduate  students.   The  negative  effects 
of  declining  graduate  enrollment  are  heightened  because  an  increase 
in  the  representation  of  foreign  nationals  among  graduate 
engineering  students  means  that  a  larger  percentage  of  our  graduate 
engineers  will  not  be  working  in  this  country. 

In  Massachusetts,  engineering  education  is  especially  important 
because  the  state  must  have  a  steady  flow  of  engineering  graduates 
to  meet  the  present  and  future  needs  of  industry,  to  attract  new 
industries  to  the  state  and  to  keep  Massachusetts  competitive  when 
compared  to  other  states.   Educational  planning  which  considers  the 
delicate  balance  between  supply  and  demand  for  engineers  will  be 
very  important.   ?v.ecognizing  this  need  the  3oard  of  Regencs  recently 
received  a  report  from  its  Ad  Hoc  Committee  on  Engineering 
Manpower.   This  Committee  concluded  that  no  metnodology  now  exists 
for  satisfactorily  predicting  che  balance  between  supply  and 
demand.   The  Committee  recommended  that  a  monitoring  system  be  put 
in  place  to  track  data  on  supply  and  demand  for  engineers. 


At  the  present  time,  it  appears  that  there  is  an  excess  supply  of 
chemical  and  civil  engineers.   Some  division  of  opinion  exists  as  to 
whether  or  not  the  supply  of  mechanical  engineers  has  kept  up  wich 
the  demand.   Opinions  differ  widely  as  Co  whether  the  number  of 
electrical  engineering  graduates  projected  will  meet  the  demand. 
Future  program  planning  will  need  to  monitor  changes  such  as  the 
demographic  shifts  associated  with  the  decline  of  traditional 
collage  age  students,  future  technological  breakthroughs  and  the 
development  of  subspecialties  in  engineering  and  then  determine  if 
such  changes  merit  adjustments  in  tlie  number  and  type  of  engineering 
programs  approved  in  Massachusetts. 

The  review  team  recommended  action  concerning  allocation  of 
resources,  course  development  at  all  stages  of  professional 
training,  and  collaboration  among  the  various  entities  that 
influence  engineering  education. 

The  specific  recommendations  are  as  follows: 

1.  The  Board  of  Regents  should  take  steps  to  influence  the  quality 
of  pre-professional  academic  training,  including  strengthening 
science  and  mathematics  instruction  at  the  secondary  school 
level . 

Community  Colleges 

2.  All  community  colleges  should  offer  tv/o  years  of  mathematics 
beginning  with  calculus,  one  year  of  chemistry  taught  v/ith 
laboratory,  and  one  year  of  physics  (based  on  calculus)  taught 
with  laboratory. 

3.  Those  community  collages  with  fairly  large  engineering  transfer 
programs  should  offer  some  engineering  courses  if  it  is  possible 
to  do  so  given  their  currently  available  resources. 


4.  Those  community  colleges  with  large  numbers  of  engineering 
transfer  students  and  with  suitable  resources  should  offer  the 
eingineering  courses  normally  required  in  the  first  two  years  of 
an  engineering  program. 

5.  Individual  program  reviews  completed  by  the  community  colleges 
emphasize  the  special  needs  of  each  program.   Those  colleges 
with  engineering  transfer  programs,  particularly  Northern  Essex 
and  Springfield  Technical  Community  College,  should  be 
encouraged  to  include  specific  requests  for  the  transfer 
programs  in  their  FY '36  budget  submissions. 

6 .  Roxbury  Community  College 

The  Board  of  Regents  should  support  the  upgrading  of  mathematics 
and  science  and  the  institution's  goal  toward  offering  courses 
applicable  to  the  first  two  years  of  engineering. 

The  College  should  offer  two  full  years  of  mathematics, 
beginning  with  calculus,  one  year  of  chemistry  taught  with 
laboratory,  and  one  year  of  physics  (based  on  calculus)  taught 
with  laboratory, 

Funds  should  be  provided  to  adequately  staff  the  above  and  for 
adequate  laboratories  associatecf  with  the  science  courses. 

State  Colleges 

7.  It  is  recommended  that  all  state  colleges  develop  strong 
mathematics  and  science  programs. 

Fitchburg,  Salem  and  Vestfield  State  Colleges 

8.  The  Board  of  Regents  should  continue  to  encourage  the 
improvement  of  mathematics  and  science  at  the  colleges,  but 
approval  should  aoc  be  given  for  the  initiation  of  engineering 
programs . 


State  Universities 

9.  A  special  fund  of  $10 ,500,000  should  be  set  up  to  be 
administered  by  the  Board  of  Regents  for  the  immediate 
purchase  of  equipment  in  the  university  engineering  schools. 

10.  An  equipment  fund  should  be  set  up  for  the  continuing  updating 
of  laboratory  equipment.   A  minimum  amount  of  $2,500,000  per 
year  is  needed. 

11.  An  immediate  allocation  of  $3,000,000  is  needed,  for  renovation 
of  sub-standard  space  and  a  facilities  study  should  be 
initiated  to  determine  long-range  needs  for  new  buildings . 

12.  Enhancement  of  faculty  salaries  is  needed  to  be  competitive 
with  other  engineering  schools  and  industry.   It  is  estimated 
that  a  minimum  of  $500,000  is  needed  for  this  correction. 

13.  The  universities  should  work  with  the  unions  to  oermit  more 

i. 

flexibility,  so  that  performance  can  be  properly  rewarded. 

14.  Provisions  should  be  made  for  adding  professional  technical 
staff  and  secretarial  help,  as  universities  are  woefully 
understaffed  at  the  present  time. 

15.  Computing  facilities  and  equipment  should  be  upgraded  and 
better  access  provided  for  faculty  and  students. 

16.  Library  allocations  should  be  increased  to  overcome  present 
inadequacies . 

17.  Maintenance  funds  should  be  increased  to  properly  take  care  of 
equipment . 


University  of  Lowell 

18.  Approval  should  be  given  to  initiate  the  Doctor  of  Engineering 
program  in  Electrical  and  Mechanical  Egineering. 

Southeastern  Massachusetts  University 

19.  Authorization  for  the  Ph.D.  degree  should  be  delayed  until  the 
Master  of  Science  in  Electrical  Engineering  degree  is  truly 
viable  and  more  mature. 

University  of  Massachusetts/Boston 

20.  The  Board  of  Regents  should  continue  to  support  the 
Engineering  Collaborative  Program,  monitoring  it  for  its 
long-term  effect. 

21.  The  University  of  Massachusetts/Boston  should  be  permitted  to 
initiate  a  Bachelor  of  Science  in  Engineering  Physics  program 
once  it  has  provided  additional  evidence  of  both  the  demand  by 
industry  for  its  graduates  and  the  interest  of  the  students  in 
the  program.   This  program  is  not  intended  to  move 

U. Mass . /Boston  in  the  direction  of  baccalaureate  engineering. 

Independent  Institutions 

22.  The  independent  institutions  should  keep  the  Board  of  L^egents 
informed  as  to  their  long-range  planning. 

23.  Independent  universities  should  work  more  closely  with  otner 
engineering  schools  where  such  cooperation  is  for  the  common 
good . 


Non« Institutional 

24.  There  should  be  established  a  committee  of  the  leaders  of  the 
engineering  schools  and  representative  industries  to  explore 
and  seek  possible  solutions  to  high  quality  graduate 
engineering  education  for  employed  engineers. 

25.  Because  of  the  great  needs  in  engineering  education,  tne  state 
should  do  everything  possible  to  facilitate  gifts  by  private 
industry. 

The  Ad  Hoc  Committee  on  Engineering  Manpov/er  recommends  that: 

A  monitoring  system  be  put  in  place  to  track  data  in  the 
Commonwealth  on  supply  and  demand  for  engineers. 
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INTRODUCTION 

The  Board  of  Regents  of  Higher  Education  of  the  Commonwealth  of 
Massachusetts  was  authorized  by  the  Legislature  in  1980,  and  became 
operational  in  March  of  1981.   The  Board  was  directed  to  analyze 
•Che  present  and  future  goals,  che  needs  and  requirements  of  public 
higher  education  in  Che  Commonwealch;  Co  establish  overall  goals  Co 
achieve  a  well-coordinated  and  quality  system  of  public  higher 
education  in  the  Commonwealch;  and  to  prepare  -i.    five  year  mascer 
plan. 

As  part  of  ics  statewide  academic  planning  function,  che  RegenCs 
recognized  Chac  such  planning  must  set  long-range  policy  objectives 
and  program  priorities  for  all  of  higher  education.   Tne  Board  of 
Regents  has  the  responsibility  Co  deCermine  Che  higher  educacion 
needs  of  Che  state,  both  in  terms  of  manpower  for  Che  sCaca's 
economic  developmenc  and  in  cerms  of  ics  individual  cicizens  and 
also  Co  decide  how  resources  can  besC  be  ucilized  Co  meec  cnese 
needs.   ScaCe  governmenc  and  business  must  also  cake  an  accive  role 
in  planning  by  adequaCely  projeccing  long-range  manpower 
requiremenCs .   Such  scacewide  planning  focuses  on  program  need, 
program  capacicy  and  program  qualicy  and  adapcabilicy . 

In  order  Co  plan  effeccively  Co  meeC  Chese  objeccives,  Che  RegenCs 
directed  chat  a  number  of  stacewide  reviews  or  sCudies  of  selecced 
academic  fields  or  program  areas  be  undercaken  period- 
ically when  some  sCaCawide  planning  issue  is  idencif ied . 
Engineering  was  one  of  che  Cwo  areas  chosen  by  Che  Board  for 
inicial  review.   There  were  a  number  of  reasons  for  seleccing 
engineering.   They  include: 

The  problems  of  maincaining  qualicy  programming  in  Che  face  of 
rapidly  changing  Cechnology;  and  increasing  anrollmencs  wichouc 
a  corresponding  increase  in  resources; 

The  dependence  of  Che  high  Cechnology   indus Cries  of  Massa- 
chusetts  on  Che  engineering  schools  wichin  che  sCaCe;  md 

The  needs  of  Che  sCace  in  providing  a  sCeady  flow  of  engineering 
graduaCes  Co  meeC  Che  present  needs  of  induscry,  co  aCCracc  new 
induscry  Co  che  sCace,  and  Co  keep  Massachusetts  industries  in  a 
compecicive  poscure  wich  respecc  Co  similar  induscries  in  ocher 
sCaces. 

Furthermore,  prior  Co  chis  scudy,  requests  nad  been  made  Co  Che 
Board  of  RegenCs  for  new  undergraduace  and  ^raduace  programs  as 
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well  as  expansion  of  existing  programs.   Special  needs  were  ciced 
for  the  Boston  area.   Problems  concerning  obsolescence  of  equipment 
became  increasingly  evident.   As  a  high  cost  program,  it  became 
imperative  that  engineering  be  studied. 

The  purpose  of  this  review  is  to  provide  an  evaluation  of  the 

present  status  of  engineering  education  in  the  Commonwealth 

of  Massachusetts,  to  comment  on  the  future  plans  of  the  various 

institutions,  and  finally,  to  make  recommendations  that  will 

provide  guidance  to  the  state  for  the  future  health  of  engineering 

education. 


CHAPTER  I 
STATUS  OF  ENGINEERING  EDUCATION 


I,L     National  Overview 

Engineering  Education  has  been  the  subject  of  many  studies  and 
surveys  during  the  past  several  years.   It  is  generally  agreed 
that  a  true  crisis  exists  at  the  national  level  at  this  time. 
The  factors  contributing  to  this  condition  include  burgeoning 
undergraduate  enrollments,  shortage  of  faculty,  leveling  of 
graduate  enrollments,  outmoded  and  inadequate  facilities  and 
equipment,  underrepresentation  of  women  and  minorities,  and  an 
increasing  percentage  of  foreign  national  graduate  students. 
These  factors  will  all  be  separately  discussed  in  the  sections 
that  follow. 

I. 1.1   Engineering  Undergraduate  Enrollments  and  Degrees 

The  number  of  degrees  awarded  is  the  most  effective  measure  of 
the  output  of  engineering  educational  institutions.   Enroll- 
ments however  are  important  indicators  of  the  load  on  faculty 
and  facilities.   Freshman  enrollments  are  particularly 
indicative  of  trends  and  are  useful  in  predicting  future 
numbers  of  graduates  at  the  bachelor's  level. 

The  number  of  B.S.  degrees  awarded  in  engineering  has 
fluctuated  widely  since  World  War  II.   The  post-war  veterans 
bulge  pushed  degrees  awarded  to  48,160  in  1950,  but  the  number 
dropped  to  22,236  in  1954.    The  next  peak  was  38,134  degrees 
in  1959  with  a  relatively  minor  drop  to  33,458  in  1963.   A 
gradual  increase  in  the  number  of  degrees  occurred  and  the  next 
peak  of  44,190  occurred  in  1972.   Due  initially  to  the 
publicity  of  the  aerospace  industry  lay-offs  and  shortly 
thereafter  to  the  economic  recession  of  the  early  1970' s, 
enrollments  dropped  and  in  1976  only  37,970  degrees  were 
awarded.   In  spite  of  the  recession,  by  the  mid-1970 's 
graduates  were  still  highly  sought  after  by  industry, 
enrollments  skyrocketed  and  72,471  degrees  were  awarded  in 
1983.   These  fluctuations  took  place  during  a  period  of  rapidly 
increasing  population  of  the  college  age  group.   Figure  1-1 
shows  degree  variations  since  1952. 
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Figure  l-l 
Undergraduate  Engineering  Degrees  Earned 
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ToCal  full-tiae  undergraduate  anrollments  have  also  shovm  wide 
variations.   In  1969  a  total  of  234,530  undergraduates  were 
enrolled  In  engineering,  but  this  figure  droeped  to  186,705  in 
Fall  of  1973,  and  more  than  doubled  to  469,393  in  Fall  1983. 
Total  enrollments  include  all  undergraduate  students  and  hence, 
some  of  the  fluctuations  are  somewhat  smoothed  out  due  to  the 
four  plus  years  a  student  is  in  the  program.   Freshman 
enrollments  are  therefore  more  sensitive  to  the  rapidly 
changing  nature  of  the  Interest  in  engineering  as  a  career. 
Freshman  enrollments  went  from  74,113  in  1969  to  51,925  in  1973 
and  more  than  doubled  to  115,303  in  1982.   Engineering 
undergraduate  enrollments  since  1972  are  given  in  Table  1-1. 

Table  1-1 


UNDERGRAJDUATE 

ENGINEERING   ENROLLMENTS    1972-1982 

Engineering 
Studeoc 

Fall 
1972 

Fall 
1974 

Fall 
1976 

Fall 
1973 

Fall 
1980 

Fall 
1982 

Fraahmaa  Yaar,   FT 
Sophomor«  Yaar,   FT 
Junior  Y«mr,   FT 
Senior  Ya«r,   FT 
Fifth  Yaar,   FT 

52,100 
55,391 
45,374 
49,395 

4,586 

63,444 
70,326 
43,007 

44,538 
4,175 

32,250 
63,003 
56,335 
51,692 

4,055 

95,305 
75,150 

69,316 

63,260 

5,206 

110,149 

34,982 

30,024 

34,442 

5,520 

115,303 
39,915 
90,682 

102,206 
5,706 

Total   Full-Tia« 

UadergraduAtaa 

194,727 

201,099 

257,335 

311,237 

365,117 

403,312 

Part-Tlaa  Under- 
^_ I ^ 

14,149 

16,639 

1 9 , 344 

22,343 

32,227 

31,945 

graduataa 


In  the  past,  Che  changes  in  enrollments  could  be  handled 
because  of  the  availaoilicy  of  addicional  faculty  and  che 
capacity  of  facilicles  already  in  place.   Tnis  flexibility  no 
longer  exists  and  as  a  result  faculty  are  overloaded, 
facilities  are  strained  and  che  quality  of  engineering 
education  is  suffering. 
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Engineering  Graduate  Enrollmenta  and  Degrees 

Master's  degrees  granted  in  engineering  steadily  increased  from 
3,636  in  1953  to  17,356  in  1972,  and  has  stayed  relatively 
constant  since  that  time,  increasing  to  19,909  in  1983.   The 
master's  degree  has  become  a  reasonably  common  goal  of 
engineers  employed  in  reseach  and  development  activities. 
Frequently  these  degrees  are  obtained  on  a  part-time  basis 
while  the  engineer  is  still  employed  full-time  in  industry. 

Availability  of  a  master's  degree  programs  in  the  vicinity  of 
an  engineer  s  employment  has  become  an  important  recruiting 
tool  in  industry. 

Engineering  doctoral  degrees  granted  in  the  1950*3  ranged  from 
500  to  700  per  year.   The  post-sputnik  interest  in  engineering 
created  government  support  of  graduate  programs  including  many 
doctoral  fellowships  and  research  projects.   Annual  production 
of  engineering  doctorates  reached  3,000  by  1969  and  peaked  at 
3,774  in  1972.   There  was  a  steady  decline  Co  2,573  in  1968, 
but  that  has  now  reversed  and  3,023  degrees  were  awarded  in 
1983. 

Of  particular  importance  is  the  increase  in  foreign  nationals 
receiving  doctoral  degrees.   The  percentage  of  foreign  nationals 
receiving  doctorates  has  risen  from  about  20%  in  1971  to  almost 
40%  in  1983.   The  trends  in  both  master's  and  doctor's  degrees 
granted  are  given  in  Figure  1-2. 


Figure  1-2 
GRADUATE  ENGINEERING  DEGREES  EARNED 
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Full-time  enrollments  at  the  master's  level  gradually  increased 
from  22,877  to  34,222  in  the  last  decade.   Full-time  doctoral 
enrollments  dropped  from  14,802  in  1970  to  10,628  in  1974  and 
has  increased  to  16,549  in  1982.   While  part-time  anrollments 
are  not  a  significant  factor  at  the  undergraduate  level,  many 
engineers  work  on  master's  degrees  on  a  part-time  basis.   Since 
1969  part-time  graduate  students  have  decreased  from  32,645  to 
24,133  in  1973,  and  then  rebounded  to  31,656  in  1982. 
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Enrollment  data  for  master's  and  doctoral  programs  is  included 
in  Table  1-2. 

Table  1-2 
GRADUATE  ENGINEERING  ENROLLMENTS  L970-1980 


Engineering 
Studenc 


Fall 
1972 


Mascar'3  Degree,  FT  22,877 
Doctor' 3  Degree,  FT  13,460 


Fall 
1974 

21,999 

10,628 


Fall 
1976 

25,516 

10,963 


Fall 
1978 

26,060 

12.321 


Fall 
1980 

29,870 

14,465 


Tocal   Full-Tlme 
Graduace  Students 

Part-Time   Graduate 
Students 


36,337  32,627  36,479 


24,940  27,572 


26,342 


38,381       44,335 


24,133        28,250 


Fall 
1982 

34,222 

16,549 

50,771 
31,656 


There  are   a   large   number  of   engineering    fields    and  Table   1-3 
gives    the   breakdown  of   1983   degrees   by  engineering   disciplines 
and   level   and  compares    these   to    the   corresponding   degrees 
awarded   in   1973. 

Table    1-3 
DEGREES    IN   ENGINEERING,    3Y   CURRICULU^f,    1973-1983 


Curriculum 

Aerospace 

Agricultural 

Architectural 

Biomedical 

Ceramic 

Chemical 

Civil 

Computer 

Electrical 

St  Electronic 
Engr.  General 
Engr.  Science 
Environmental 
Industrial 

Sc  Manufacturing 
Marine,  Naval  Arch. 

St  Ocean 
Materials  i 

Metallurgical 
Mechancial 
Mining  Sc  Mineral 
Nuclear 
Petroleum 
Systems 
Other 


Total 


BACHELOR ' S 

1973 

1983 

1,326 

2,207 

454 

704 

419 

568 

103 

577 

191 

294 

3,586 

7,499 

7,671 

10,434 

568 

2,643 

11,844 

18,590 

2,053 

1,923 

1,144 

1,298 

150 

292 

2,923 

3,808 

413 

699 

662 

1,085 

8,433 

16,484 

333 

1,019 

324 

420 

328 

1,420 

130 

210 

319 

247 

43,429    72,471 


MASTER'S 

DOCTORATE, 

1973 

1983 

1973 

198- 

608 

512 

181 

9 

152 

146 

68 

5 

25 

30 

0 

123 

178 

46 

5 

39 

55 

22 

1 

1,019 

1,509 

405 

37 

2,813 

3,317 

435 

39 

589 

1,420 

96 

10 

4,151 

4,730 

320 

60 

413 

670 

37 

7 

756 

408 

307 

17 

514 

456 

51 

6 

1,843 

1,410 

147 

10 

196 

163 

■  18 

1, 

514 

563 

268 

22 

2,166 

3,001 

411 

39 

101 

230 

31 

5 

402 

311 

115 

11 

95 

227 

17 

1 

430 

430 

72 

5 

198 

93 

40 

7,152 

19,909 

3,537 

3,02'' 
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1.1.3   Women,  Minorlcies  and  Forsign  Nationals 

Until  the  1060' s,  engineering  was   aainly  a  profession  composed 
of  white  males.   In  the  mid-sixties  efforts  were  made  to 
attract  more  women  to  engineering  programs  and  these  programs 
met  with  gradual  success.   3y  I'^Sl,    19,155  freshmen  women  were 
enrolled  in  engineering,  out  of  a  total  of  115,303  freshmen, 
thus  representing  about  16.6%  of  the  entering  class.  About  13% 
of  the  master's  degree  enrollees  and  S%  of  the  doctoral  degree 
enrollees  are  ;/omen. 


In  the  early  1970' s  a  major  effort  was  made  to  recruit  more 
minorities  to  engineering.   These  efforts  received  major 
support  by  industry,  government,  engineering  colleges  and 
minority  organizations.   At  first  the  efforts  consisted 
primarily  of  recruiting  and  publicizing  the  profession.   It  was 
soon  found  the  problem  was  much  greater  than  a  lack  of  engineer- 
ing awareness  on  the  part  of  prospective  students.   Many  of  the 
minority  students  were  in  inferior  primary  and  secondary  schools 
and  seldom  were  Chey  encouraged  to  take  the  mathematics  and 
science  courses  that  are  preparation  for  collegiate  engineering 
progrms.    There  is  still  great  room  for  improvement,  but 
considerable  progress  has  been  made.   By  1982,  6,715  blacks, 
4,421  hispanics ,  and  371  American  Indians  enrolled  as  freshmen 
representing  6%,  4%  and  3%  of  the  freshman  class  (Asian/Pacific 
minorities  are  normally  not  included  in  the  minority  effort 
since  they  are  already  well  represented  in  the  engineering 
orofession) .   At  the  master's  level  Che  three  pertinent 
minority  groups  total  about  3%  of  Che  enrollment  and  Che  group 
total  enrollment  is  only  1.4%  at  the  doctoral  level. 
Enrollments  of  women  and  minorities  in  Fall  1980  are  given  in 
Table  1-4. 


Table  1-4 

ENGINEERING   ENROLLMENT,    FALL    1982 
WOMEN,    MINORITIES,    AND    FOREIGN   NATIONALS 


FULL-TIME 

UNDERGRADUATE  STUDENTS  All 

IsC             TOTAL  Part- 

FULL  Time 


Women 
Black 
Hispanic 
Asian/ 

Pacific 
American 

Indian 
Foreign 

National 


Year 


19,155 
6,715 
4,421 

4,098 

371 

4,925 


62,428 
17,632 
14,055 

15,710 

1,081 

23,638 


4,251 
1,794 

1,141 

1,562 

145 

1,444 


FULL-TIME 
GRADUATE   STUDENTS 
Mstrs.      Engrg .      Doc. 
De^ .           Deg .         Deg . 

TOTAL 
FULL 

All 
Part- 
Time 

4,226 
505 

455 

133 

17 

4 

1,252 

117 
HI 

5,611 
639 
570 

3,255 
503 
400 

1,869 

33 

637 

2,539 

1,436 

85 

-- 

4 

89 

64 

0,787 

173 

6,805 

17,765 

2,678 

Total  All 
Students 


115,303   403,812    31,945 


33,522 


700   16,549 


50,771   31,656 
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Degrees  earned  in  1982  by  uomen  and  rainoricies  are  shown  in 
Table  1-5. 

Table  1-5 

DEGREES  EARNED  1982 

WOMEN,  MINORITIES 


Waaen 

aiack 

Hispanic 

Asian/Pacific 

American  Indian 

local  All 


Graduates 


Bachelor' s 

Mas  Car 

8,1<^U 

1,349 

1,644 

188 

1,608 

218 

2,577 

850 

91 

15 

66,990 

18,543 

Doctorate 
7F ' 


11 

26 

124 

2 

2,887 


Ac 


Che  bachelor's 


degree  level  women  receive 


2.5%, 


12%,  Blacks 
Indians  1%  of  che  cocal.   The 
level  are:  women  8.4%,  Black  1.0%, 
Indians  0.1%.   Ac  che  doccorace 


Hispanics  2.5%  and  American 

percencages  ac  Che  mascer's 

Hispanics  1.2%  and  American 

level  Che  percenCages  are  even  smaller  as  follows:   women  4,3%, 

Blacks  0.4%,  Hispanics  0.9%,  and  American  Indians  O.I 


lo 


Women  and  minoricy  graduaCes  are  highly  soiighc  afcer  by 
induscry.   OpporCuniCies  for  Chem  are  excellenC.   CompeCiCion 
is  parCicularly  incense  ac  Che  docCoral  level  since 
universicies  are  also  seeking  women  and  rainoricies  as  role 
models  for  Cheir  sCudenCs. 


The  sicuaci 
enrollmenCs 
foreign  nac 
enrollmenc . 
mascer's  degree  e 
foreign  naC 


on  Ls  quiCe 

and  d 

ionals 

Ac  C 


egree 


all  B.S.  de 
doccorace  d 
is  obvious , 

of  Che  effo 


ionals 
grees , 
egrees 

chere 
rc  is 


repr 
he  gr 
nroll 
In 


differenC  when  foreign  naCionals  ' 
s  are  CahulaCed.   Table  1-4  shows  ChaC 
esenc  6%  of  Che  Cocal  undergraduaCe 
aduaCG  level  32%  of  all  full  Cime 
ees  and  41%  of  all  docCoral  enrollees  are 

1983,  foreign  nacionals  earned  3.4%  of 
of  all  M.S.  degrees  and  39.6%  of  all 


25.8 

in  Che  various  engineering  disciplines.   Ic 
fore,  ChaC  ac  che  graduace  level  a  major  pare 
involved  in  che' educaCion  of  foreign  nacionals 


1.1.4   Demand  for  Engineering  GraduaCes 


RecruiCmenC  of  engineers 
1970' s.  This  was  due  Co 
a  general  slowdown  of  Che 

engineering  enrollmencs  p 
Che  number  of  engineering 
supply  of  engineers  dropp 
became  publicized,  high  s 
and  enrollmenCs  increased 
salaries  (  Co  approximaCe 
of  che  concinuing  value  o 


reached  a  low 
Che  cucbacks  i 

economy.  Whe 
lummeCed.   As 

graduaCes  fel 
ed  well  below 
chool  graduaCe 

raoidlv.  Th 
ly  |27,000/yr) 
f  engineering 


poinc  in  Che  early 

n  Che  space  program  and 

n  Chis  occurred, 

Che  economy  improved , 

1  considerably  and  che 

Che  demand.   As  Chis 

s  flocked  Co  engineering 

e  rapid  increases  in 

is  exgellenc  evidence 
graduaCes . 


In  1981  engineers  in  alraosc  all  fields  were  heavily  recruiced 
Due  Co  Che  recession,  public  works  programs  were  cuC  back  and 
Chus  Civil  Engineering  was  Che  firsC  field  Co  experience  a 
sofcening  in  demand.   Due  Co  Che  energy  shorCage  in  Che  mid- 
1970'  s,  a  greaC  demand  was  experienced  in  Chemical 


Engineering.   As  a  result,  students  entered  this  field  in  far 
greater  than  usual  numbers.   B.S.  degrees  in  Chemical 
Engineering  went  from  approximately  3,000  in  1975  to  7,500  in 
1983.   Unfortunately,  by  1982,  Chemical  engineers  were  not  in 
high  demand  due  to  the  temporary  alleviation  of  the  energy 
shortage.   This  provides  an  excellent  example  of  the  "out  of 
phase"  time  delay  in'  the- supply-demand  picture.   It  is  a 
phenomenon  frequently  referred  to  as  "ratcheting". 

In  Mechanical  Engineering  the  demand  nas  began  to  increase,  and 
although  enrollments  and  degrees  in  Electrical  Engineering 
increased  dramatically  there  are  no  indications  that  demand  is 
coming  closer  to  being  met.   (Computer  Engineering  is  included 
within  Electrical  Engineering.)   B.S.  degrees  in  Electrical 
Engineering  and  Computer  Engineering  have  increased  from 
approximately  10,000  in  1971  to  21,000  in  1983. 

A  recent  National  Science  Foundation  study  projecting 
recruiting  for  1984  indicated  that  Computer  Engineering, 
Electrical  Engineering  and  Manufacturing  Engineering  would  be 
high  demand  disciplines. 

Shortage  of  Faculty 

The  shortage  of  faculty  is  a  very  serious  problem  for 
engineering  education  today.   Estimates  of  the  present  number 
of  faculty  positions  open  in  existing  engineering  schools  range 
from  1,200  to  1,600  positions.   Recruitment  of  faculty  is 
difficult  even  in  the  most  prestigious  engineering  schools. 
This  shortage  comes  at  a  time  when  the  percentage  of  doctoral 
candidates  who  are  U.S.  citizens  is  at  an  all-time  lov;. 
Competition  for  these  new  doctoral  graduates  from  industry  is 
intense.   Not  only  are  they  offered  much  higher  salaries  than 
those  in  academe,  but  usually  research  facilities  are  far 
superior  in  the  many  high  technology  companies  recruiting  these 
new  doctoral  graduates.   The  same  factors  of  salary  and 
facilities  are  also  responsible  for  a  number  of  experienced 
engineering  faculty  leaving  the  universities  to  accept 
challenging  and  high  paying  positions  in  industry. 

It  should  be  noted  that  the  open  faculty  positions  cited  above 
are  the  number  of  budgeted  positions  vacant.   In  many  schools 
enrollments  have  doubled,  but  the  number  of  budgeted  positions 
has  not  increased  proportionately  because  university 
administrators  are  reluctant  to  add  positions  to  departments 
that  are  unable  to  fill  them.   It  is  estimated  that  the  true 
shortage  of  faculty  is  far  greater  than  cited  above  and  as  a 
result  faculty  are  greatly  overloaded.   Quality. has  thus 
suffered,  as  faculty  time  to  advise  students,  participate  in 
graduate  and  research  programs  and  other  professional 
activities  has  become  limited. 

Because  the  overload  makes  it  almost  impossible  for  faculty 
members  to  perform  wich  the  excellence  that  they  desire,  and 
because  faculty  salaries  are  not  competitive  with  those  paid  in 
industry,  many  faculty  members  are  leaving  the  teaching 
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profession  Co  accept  positions  in  industry.   This  adds  to  the 
overloading  and  shortage  of  faculty. 

1.1.6   Facilities  and  Equipment 

Most  engineering  colleges  have  facilities  to  teach  a  much 
smaller  engineering  enrollment  than  now  exists.   In  order  to 
handle  the  present  surge  'of  students,  many  engineering  colleges 
have  greatly  increased  class  and  laboratory  group  size.   Tlie 
overcrowding  has  caused  a  number  of  schools  to  limit  their 
enrollments  in  order  to  provide  adequate  instruction  and  safe 
laboratory  experiences. 

Equipment  obsolescence  has  become  a  major  problem.   Most 
laboratory  equipment  in  the  colleges  is  not  state-of-the-art 
equipment.   It  is  estimated  that  the  average  age  of  university 
instrumentation  is  at  least  twice  as  old  as  that  found  in 
industry.   This  is  patricularly  true  of  research  laboratories 
in  universities  versus  modern  industrial  or  governmental 
research  labs . 

During  the  past  decade  the  undergraduate  laboratory  equipment 
holdings  of  engineering  colleges  have  steadily  lost  ground  to 
rapid  obsolescence  and  inflation.   Today  the  job  of  restoring 
these  laboratories  to  something  near  state-of-the-art  is  one  of 
enormous  proportions.   Texas  ASeM  University  has  sho^/n  that 
based  on  an  extrapolation  of  the  needs  of  the  nine  engineering 
colleges  in  Texas,  the  total  cost  of  updating  the  undergraduate 
laboratories  nationwide  is  $1.0096  billion.   In  a  more  recent 
study,  the  National  Society  of  Professional  Engineers  concludes 
that  an  expenditure  of  $1.2  billion  would  restore  undergraduate 
teaching  laboratories  to  1971  status  but  that  an  additional  $1 
billion  would  be  required  for  additions  to  laboratory 
facilities  to  accommodate  the  increase  in  student  numbers  since 
1971. 


Schools  in  the  state  of  Michigan  estimate  that  $86  million  is 
needed  for  equipment  in  "catch  up  funds"  and  an  additional  $10 
million  on  an  annual  basis  for  the  engineering  scnools  to  "keep 
up".   Schools  in  the  state  of  Georgia  document  a  "catch  up" 
need  immediately  of  $16.5  million  and  a  recent  NSF  study  of  43 
research  universities  indicates  that  25%  of  their  laboratory 
equipment  is  obsolete  and  only  16%  of  their  equipment  is  state- 
of-the-art  . 

Estimates  to  correct  this  problem  range  from  one  billion  to  two 
billion  needed  on  a  national  level  to  bring  equipment  quality 
to  desirable  modern  levels. 


1.1.7    AoDlicant  Pool 


Engineering  enrollments  were  able  to  increase  as  they  did  in 
the  1970 's  because  the  number  of  college  age  students  was 
increasing.   Eighteen  year  olds  increased  from  3.7  million  in 
1970  to  4.2  million  in' 1980.   This  age  group  will  drop  to  3.4 
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aiillioa  in  1990  and  further  drop  Co  3 . 2  taillion  in  1994  before 
starting  to  Increase  again.   Thus  for  engineering  enrollments 
to  remain  at  the  present  level  it  will  mean  a  greater 
percentage  of  college  age  students  will  have  to  select 
engineering.   Increases  in  engineering  enrollment  will  only  be 
possible  if  a  much  larger  number  of  women  and  minorities  elect 
engineering  as  their  academic  choice. 

Figure  1-3  graphs  the  number  of  13  year  olds  in  the  United 
States  from  1950  to  the  year  2000, 


Population,  Age  18 
(in  millions) 


1950        I960        1970 

Source:  Charge  Ma^izlne,  >&rch  1983 


1980 


1990 


2000 


1.1.8   Summary  of  ?Tational  Scene 

In  1984  many  factors  have  combined  to  cause  a  "crisis  in 
engineering  education".   This  crisis  is  well  recognized  not 
only  by  educators,  but  by  people  in  government  and  industry. 
The  principal  factors  involved  are: 

Burgeoning  undergraduate  enrollments  chat  have  caused 
overcrowding  in  classrooms  and  laboratories. 

Graduate  enrollments  of  U.S.  citizens  leveling,  with 
enrollments  of  foreign  nationals  increasing  and 
approaching  40X  of  che  total  at  Che  doccoral  level. 

Shortage  of  faculcy,  wich  an  estimate  of  1,200  co  1,600 
unfilled  posicions  ac  chis  cime. 

Demand  for  engineering  graduates  in  several  fields  far 
greater  Chan  che  supply. 
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Women  and  minoricies  still  not  adequately  represented  In 
the  field  of  engineering. 

Facilties  and  equipment  inadequate  and  outmoded. 

1.2     Massachusetts  Qverviev 

Engineering  education  is  extremely  important  to  Massachusetts . 
It  not  only  provides  outstanding  opportunities  for  high  school 
students  to  select  an  important  profession  but  it  is  also  a 
major  factor  in  satisfying  the  needs  of  Massachusetts 
industry.   High  quality  engineering  education  is  essential  to 
the  state  in  attracting  new  industry  and  even  in  keeping  the 
industries  already  in  the  state. 

The  factors  that  affect  engineering  education  on  a  national 
level  are  all  present  in  Massachusetts,  and  influence  the 
status  of  engineering  education  in  the  state.   These  factors 
will  be  covered  in  the  following  sections.   In  many  states 
engineering  education  is  dominated  by  one  or  two  state 
engineering  schools.   Massachusetts  has  a  number  of  independent 
engineering  schools  that  by  virtue  of  their  number  and  size 
have  a  major  impact.   Therefore  separate  sections  follow 
covering  the  public  and  independent  sectors. 

1.2.1   Public  Universities 

Degree  Programs  Offered 

The  state  of  Massachusetts  has  engineering  programs  at  the 
following  institutions: 

University  of  Massachusetts-Amherst  (UMA) 
University  of  Lowell  (UL) 

Southeastern  Massachusetts  University  (SMU) 
Massachusetts  Maritime  Academy  (MMA) 

Programs  in  Civil,  Electrical  and  Mechanical  Engineering  are 
offered  at  Amherst,  Lowell  and  SMU,  with  Chemical  Engineering 
offered  at  Amherst  and  Lowell.   A  number  of  other  engineering 
programs  are  offered  depending  on  the  interest  and  faculty 
expertise  available  at  the  institution.   Amherst  has  had  degree 
programs  at  the  doctoral  level  as  well  as  the  master's  and 
bachelor's  level.   Lowell  has  offered  programs  at  both  the 
master's  and  bachelor's  level  but  now  has  a  master's  level 
program  in  Electrical  Engineering. 

Engineering  Technology  bachelor  degree  programs  are  offered  by 
Lowell  and  SMU  in  several  different  fields. 

The  only  engineering  degree  offered  by  the  Massachusetts 
Maritime  Academy  is  the  Marine  Engineering  bachelor's  degree. 
A  complete  listing  of  engineering  degrees  offered  by  the 
engineering  schools  of  Massachusetts  is  given  in  Table  D-1 
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(appendix  D)  and  a  similar  listing  of  engineering  technology 
degree  programs  is  given  in  Table  D-2  (appendix  D) . 

Undergraduate  Enrollments  and  De^^raes 

Massachusetts  has  engineering  degree  programs  at  four  of  its 
public  institutions.;  Undergraduate  engineering  enrollments  at 
these  institutions  are  given  in  Table  1-6,  showing  the  changes 
in  a  five  year  period. 

Table  1-6 

UNDERGHADUATE  ENGINEERING  ENROLLMENTS 

PUBLIC  INSTITUTIONS 


University  of  Lowell  (day) 

(evening) 
University  of  Massachusetts-Amherst 
Southeastern  Massachusetts  University 
Massachusetts  Maritime  Academy 
Total  (Public) 


77-78 

82-83 

2,115 

3,013 

885 

995 

1,694 

2,246 

759 

989 

643 

615 

6,096 

7,853 

Massachusetts  Maritime  Academy  has  kept  its  enrollment 
relatively  constant  in  its  single  engineering  program,  Marine 
Engineering.   The  other  three  schools  have  all  been  subject  to 
increasing  enrollment  pressures  at  the  undergraduate  level.   If 
the  enrollments  at  Massachusetts  Maritime  Academy  are  excluded, 
it  is  noted  that  the  undergraduate  enrollment  increased  from 


5,453  to  7,243  in  the  five  year  period  cited. 
a  33%  increase  in  undergraduate  enrollments, 
enrollments  for  all  institutions  are  given  in 
(appendix  D) . 


Thi.3  represents 
Tne  year-by-year 
Table  D-3 


s  mission 


Although  enrollments  are  an  indicator  of 

factor  in  fulfilling  a  scnool' 

degrees  earned.   This 

showing  the  changes  in  a  five  year  period. 


size,  the  important 
is  the  number  of 


information  is  given  in 


Table  1-7,  again 


Table  1-7 

UNDERGRADUATE  ENGINEERING  DEGREES 

PUBLIC  INSTITUTIONS 


University  of  Lowell 
University  of  Massachusetts-Amherst 
Southeastern  Massachusetts  University 
Massachusetts  Maritime  Academy 
Total  (Public) 


77-78 

82-83 

338 

500 

301 

447 

108 

199 

122 

112 

S69 

1,258 
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Agaia  excluding  MassachuseCts  Haritime  Academy,  it  is  noted 
that  engineering  bachelor's  degrees  have  Increased  froa  747  to 
1,145  in  the  five  year  period  cited.   This  represents  a 
increase  in  bachelor  degree  production. 


53% 


A  total  of  10  different  bachelor's  programs  are  offered  by  the 
public  engineering  schools.   Electrical  (including  computer) 
Engineering  is  the  largest.   The  total  number  of  degrees 
conferred  by  the  public  institutions  in  each  of  the  degree 
classifications  is  given  in  Table  D-5  (appendix  D) . 

It  should  be  noted  from  Table  D-5  that  Electrical  (including 
Computer)  Engineering  bachelor's  degrees  increased  from  175  to 
371  in  the  six  year  span  cited,  for  a  112X  increase. 
Mechanical  Engineering  bachelor's  degrees  increased  from  157  to 
261  for  an  increase  of  66%.   Civil  Engineering  bachelor's 
degrees  actually  decreased  in  number  during  this  same  period. 

Graduate  Enrollment  and  Degrees 

Graduate  enrollments  at  the  public  institutions  are  given  in 
Table  1-8  showing  the  changes  in  a  five  year  period. 

Table  1-8 

GRADQATE  ENCIMEERING  ENROLL.MENTS 

PUBLIC  INSTITUTIOtTS 


University  of  Lowell   (day) 

(evening) 
University  of  Massachusetts -Amherst 
Southeastern  Massachusetts  University 
Total  (Public) 


82-83 
626 
537 
252 

15 


Although  it  was  previously  noted  that  undergraduate  enrollments 
increased  by  33%,  the  graduate  enrollments  increased  by  only 
11%.   Year  by  year  enrollments  are  given  in  Table  D-3  (appendix 
D). 

• 

Since  many  graduate  students  pursue  their  studies  on  a  part 
time  basis,  enrollment  statistics  do  not  give  as  good  an 
indication  of  mission  fulfillment  as  the  degree  statistics. 
The  figures  for  degrees  are  given  in  Table  1-9  using  the  same 
five  year  span. 

Table  1-9 

GRADUATE  ENGINEERING  DEGREES 

PUBLIC  INSTITUTIONS 


University  of  Lowell 
University  of  Ma,<?3  . -.Amhors  t 
Southeastern  Mass.  University 
Total  (Public) 


Master' s 

Doctorate 

77-78 

82-83  . 

77-78 

32-83 

44 

94 

0 

0 

83 

89 

2^ 

26 

6 

6 

0 

24  ■ 

0 

133 

2b 
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Al  chough 
master  s 


it:  was  noted  that  bachelor's  degrees  increased  by  53%, 
uiaouci.  ^  degrees  increased  by  42%,  but  doctorate  degrees 
increased  by  only  8%.   Tne  year  by  year  statistics  for  graduate 
degrees  earned  are  given  in  Table  D-4  (appendix  D) . 

The  total  number  of  degrees  in  each  of  the  designated  degree 
classifications  is  given  in  Table  D-5  (appendix  D) .   A  further 
breakdown  by  institutions,  as  well  as  by  area  of  specialization 
is  given  in  Table  D-6  (appendix  D) . 

Visits  to  Public  Institutions 

Each  of  the  public  institutions  was  visited  by  a  team  of 
engineering  educators  chaired  by  Dr.  Edward  Lear,  Executive 
Director  of  ASEE.   Also  on  the  team  were  Dr.  Robert  Page, 
recent  chairman  of  the  National  Engineering  Faculty  Shortage 
Project  and  Dean  of  Engineering  at  Texas  ASaM  University  and  Dr. 
Richard  Ungrodt ,  Vice  President  of  Milwaukee  College  of 
Engineering  and  President-Elect  of  ASEE.   One  additional  team 
member  scheduled  to  participate  was  unable  Co  do  so  because  of 
illness.   The  team  was  accompanied  by  Dr.  Joseph  G,  Hogan, 
author  of  this  report  and  Dr.  Claire  Van  Ummersen  of  Che  Board 
of  Regents  Office.   The  team  consulted  with  administrators  and 
faculty  at  the  schools.   The  report  of  Che  ceam  is  included  as 
appendix  A  and  will  be  referred  Co  in  later  sections  of  this 
report . 

1.2.2    Indeoendent  Universities  and  Collages 


Degree  Programs  Offered 

The  following  independent  institutions  in  the  scace  of 
Massachuseccs  offer  engineering  degree  programs : 

Boscon  College 

Harvard  UniversiCy 

Massachuseccs  InsciCuCe  of  Technology 

Merrimack  College 

Norcheastern  University 

Tufts  University. 

Western  New  England  College 

Worcester  Polytechnic  Institute 

Engineering  technology  degrees  are  offered  at  che  following 
independenc  instiCucions : 

Cencral  New  England 

Suffolk  UniversiCy 

WenCworCh  InsiCiCuCe  of  Technology 

A  complece  liscing  of  che  engineering  degrees  offered  by  Che 
above  schools  is  given  in  Table  D-1  (appendix  D)  a  similar 
liscing  of  engineering  cechnology  programs  is  given  in  Table 
D-2  (appendix  D) . 

UndergraduaCe  Enrollaencs  and  Degrees 

Massachuseccs  is  acypical  in  chaC  ic  has  a  such  a  large  number 
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of  independent  institutions  offering  engineering  programs. 
Undergraduate  engineering  enrollments  at  these  institutions  are 
given  in  Table  D-3  (aopendix  D) .   Several  schools  have  large 
1982-83  enrollments  (Northeastern  U.  -  4,154,  MIT  -  3,189,  WPI 
-  1,750  and  Boston  U.  -  1,629).   Of  particular  importance  is 
the  growth  in  enrollment  from.  7,600  to  12,000  undergraduates 
between  1977-78  and  1982-83.   This  represents  an  increase  in 
enrollment  of  66%  in  the  independent  institutions.   This  is 
twice  the  growth  rate  experienced  in  the  public  institutions. 

The  bachelor  degree  production  over  the  same  five  year  period 
is  ?iven  in  Table  1-10. 


3- 


Table  1-10 

INDEPENDENT  INSTITUTIONS 

UNDERGRjyDUATE   DEGREES 


Boston  University 

Central  New  England 

Harvard  University 

Massachusetts  Institute  of  Technology 

Merrimack  College 

No rthe stern  University 

Tufts  University 

Wentworth  Institute  of  Technology 

Western  New  England  College 

Worcester  Polytechnic  Institute 


77-78 

82-83 

65 

229 

40l 

123 

6 

4* 

552 

742 

22 

34 

344 

604 

126 

174 

lOOl 

141 

58 

73 

300* 

404 

Total    (Independent)  1,613  2,528 

*  Estimated 

^  Engineering  Technology  Programs 

It  is  noted  that  the  number  of  bachelor's  degrees  earned  has 
increased  by  57%  during  the  five  year  span  cited.   This  is 
quite  comparable  to  the  53%  experienced  in  the  public 
institutions . 

Many  different  degree  specialities  are  offered  by  the 
independent  institutions.   The  number  of  degrees  given  by  each 
institution  in  each  of  several  specialities,  is  given  in  Table 
D-6  (appendix  D) . 
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Graduate  Enrollment  and  Degrees 

Graduate  enrollments  are  given  in  Table  D-3  (appendix  D) .   As 
in  the  case  with  undergraduate  enrollments,  there  is  a  wide 
range  in  the  size  of  the  various  programs.   MIT  dominates  the 
statistics  with  a  total  of  1,799  graduate  students.   Tnis  is 
more  than  50%  of  all  graduate  engineering  students  in 
independent  institutions.   Northeastern  University  has  591 
graduate  students  and  Worcester  Polytechnic  Institute  has  290, 
all  others  had  less  than  200  in  the  1982-83  year. 

Graduate  enrollments  at  independent  institutions  increased  from 
2,850  to  3,065  in  the  five  year  span  for  an  increase  of  only 
7.5X.   Graduate  degree  production  by  the  independent 
institutions,  broken  down  by  master's  and  doctoral  levels,  are 
given  in  Table  1-11. 

Table  1-11 

INDEPENDENT  INSTITUTIONS 

GRADUATE  DEGREES 


Boston  Unviersity 
Mass.  Institute  of  Technology 
Northeastern  University 
Tufts  University 
Western  New  England 
Worcester  Polytechnic  Inst. 
Total  (Independent) 
*  Estimated 

Master's  degree  production  thus  shows  an  increase  of  347o  while 
there  is  actually  a  decrease  in  doctorate  production.   M.I.T. 
dominates  the  statistics  at  Che  graduate  level  giving 
approximately  50%  of  the  total  master's  degrees  and  83%  of  Che 
total  doctoral  degrees  given  by  all  institutions  in  the  state, 
both  public  and  independent. 

The  independent  institutions  are 'a  major  resource  to  the  state, 
as  illustrated  in  Table  1-12,  which  gives  a  breakdown  of 
engineering  degrees  in  1983  by  the  independent  and  public 
universities . 

Table  1-12 
1983  DEGREES  GRANTED 

Public  Indeoendent  Total 

Bachelor's                        1,253      2,250  3,773 

Master's                           139      ■  926  1,115 

Doctorates                          26        179  205 

Thus  it  is  noted  chac  independent  schools  produce  67%  of  che 
bachelor's  degrees,  33%  of  the  master's  degrees  and  87%  of  che 
doctoral  degrees  given  in  che  scace. 


Master  s 

Doctorates 

77-78   32-83 

77-78 

82-83 

20      73 

0 

0 

517     602 

177 

171 

177     256 

2 

2 

28      50 

1 

3 

2      17 

0 

0 

50^^     64 

9* 

3 

794    1,062 

ill 

179 
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Visits  to  Indeoendent  Institutions 

-   -   -     *  —  .  —  — 

Most  of  the  independent  institutions  were  visited  by  Dr.  Joseph 
C.  Hogan,  author  of  this  report  and  Dr.  Claire  Van  Ummersen  of 
the  Board  of  Regents. Office.   These  institutions  included 
M.I.T.,  Boston  University,  Western  New  England  College, 
Merrimack  College,  Northeastern  University,  Tufts  University 
and  Worcester  Polytechnic  Institute.   Dr.  Richard  Ungrodt ,  of 
Milwaukee  College  of  Engineering,  visited  Wentworth  Institute 
of  Technology.   Central  New  England  College  and  Suffolk  Uni- 
versity, both  with  engineering  technology  programs,  did  not 
choose  to  be  visited.  Wang  Institute  has  been  recently 
established  and  offered  a  master's  degree  program  in  Software 
Engineering.   Harvard  University  has  only  a  very  small  number 
of  engineering  students.   These  institutions  were  not  visited. 

Comments  regarding  the  institutions  visited  are  contained  in 
appendix  3. 

1.2.3    Collaborative  Engineering  Programs 

As  shown  in  the  previous  section  both  the  public  and 
independent  institutions  have  responded  to  the  increased  demand 
for  engineering  education.   The  cost  of  education  is  still  a 
cnajor  factor  in  discouraging  economically  disadvantaged 
students  from  continuing  tov/ard  an  engineering  degree.   This  is 
particularly  true  in  the  greater  Boston  area  where  no  state 
supported  baccalaureate  engineering  programs  are  available. 
Students  have  the  opportunity  of  taking  the  first  two  years  of 
an  engineering  program  at  the  University  of  Massachusetts  - 
Boston  and  then  transferring  for  the  last  two  years  to  one  of 
the  three  state  schools  or  to  an  Independent  school  in  the 
Boston  area.   Transfer  to  a  state  university  involves  tne 
higher  cost  of  living  away  from  home,  while  transfer  to  a  local 
independent  university  involves  the  higher  tuition  costs  of 
those  institutions. 

In  1983  a  collaborative  Engineering  Program  was  begun  that 
permitted  students  to  take  the  first  two  years  of  an  electrical 
engineering  program  at  the  University  of  Massachusetts-Boston 
and  then  transfer  to  one  of  four  Boston  area  independent 
institutions,  with  the  student  paying  approximately  the  same 
tuition  that  would  have  been  paid  to  a  state  university.   The 
difference  in  tuition  is  paid  to  the  independent  institution  by 
a  special  fund  set  up  by  the  state.   The  consortium  of  schools 
includes  the  University  of  Massachusetts-Boston,  Boston 
University,  Northeastern  University,  Tufts  University,  and 
Wentworth  Institute  of  Technology. 

This  program  was  established  to  accomplish  the  .following 
obj  ectives : 

provide  more  electrical  engineers  to  help  satisfy 
the  demand  by  Massachusetts  industry  for  a 
particular  engineering  discipline; 
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provide  access  to  alectrical  engineering  degree 
programs  for  economically  disadvantaged  students  in 
the  Greater  Boston  Area; 

to  attract  more  minorities  and  women  to  electrical 
engineering  programs . 

The  first  transfers  were  accepted  at  the  participating 
universities  in  fall  of  '33.   This  first  group  consisted  of  a 
total  of  14  students.   As  the  program  has  become  better  known 
it  is  attracting  more  students  and  a  much  larger  number  of 
students  are  now  requesting  entrance  to  the  program.   3y  Fall 
'84  approximately  40  students  will  have  transferred  from  the 
University  of  Massachusetts/Boston  to  the  independent 
engineering  schools  in  the  consortium. 

This  program  permits  the  student  to  complete  the  degree  in  four 
years  by  virtue  of  the  2+2  nature  of  the  program.  Students  who 
transfer  to  Northeastern  University  enter  a  cooperative  program 
and  hence  take  a  total  of  five  years,  in  what  is  a  2+3  program. 

Initial  students  entering  the  program  are  paying  $2,500  annual 
tuition  with  a  state  grant-in-aid  paying  an  additional  $5,000 
toward  annual  tuition.   Northeastern  University/  grant-in-aid  is 
pro-rated  over  a  three  year  period.  To  continue  in  the  program 
students  niust  maintain  academic  standing  necessary  for 
graduation  and  upon  completion  of  the  degree  must  work  in 
industry  in  the  state  of  Massachusetts  or  be  liable  for 
repaying  the  grant-in-aid  funds  back  to  the  state. 

The  program  is  small  at  this  time  but  shows  excellent  promise 
of  meeting  its  objectives. 

1.2.4.   Community  Colleges 

Access 

One  of  the  major  objectives  of  the  community  colleges  is  to 
provide  students  with  the  opportunity  to  obtain  two  years  of 
collegiate  work  without  having  the  additional  expenses  of 
having  to  live  away  from  home.   Students  pursue  the  two  year 
program  in  preparation  for  transfer  to  a  four  year  school  or 
may  pursue  a  two  year  terminal  program  that  is  career 
oriented.   The  community  colleges  thus  provide  access  to 
collegiate  education  to  students  who  might  not  otherwise  be 
able  to  afford  it. 

Programs  Offered 

All  of  the  community  collages  offer  Che  mathematics  and  science 
courses  that  are  of  a  remedial  nature.   Beyond  that  point  there 
is  a  wide  variation  in  offerings.   Some  of  the  colleges  give 
only  part  of  the  mathematics  (starting  wich  calculus) , 
chemistry  (with  laboratory)  and  Physics  (calculus  based)  needed 
for  the  first  two  years  of  an  engineering  program.   Other 
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collages  give  all  the  mathematics  and  sciences  needed  for 
transfer  in  addition  to  some  of  the  basic  engineering  courses. 
A  few  of  the  colleges  give  all  the  courses  needed  for  transfer 
including  the  required  engineering  courses  and  associated 
laboratories.   These  schools  usually  have  articulation 
agreements  with  one. or  more  of  the  state  universities  to 
facilitate  the  transfer  process. 

Undergraduate  Enrollment  and  Associate  Degrees 

Enrollments  at  the  community  colleges  are  given  in  Table  D«7 
(appendix  D) .   Associate  degree  statistics  are  given  in  the 
same  table. 

Because  the  community  colleges  provide  greater  access  than  more 
distant  universities,  one  would  expect  a  sizeable  enrollment  in 
those  groups  not  adequately  represented  in  engineering  schools 
(i.e.  women  and  minorities).   Unfortunately  the  records  show 
that  a  disappointingly  small  percentage  of  minorities  enroll  in 
engineering  programs  in  the  community  colleges.   The  statistics 
showing  breakdowns  by  sex  and  race  are  given  in  Table  D-8 
(appendix  D) . 

Visits  with  Community  College  Representatives 

i'feetings  were  held  in  Springfield  and  Wellesley  with 
representatives  of  nine  community  colleges.   Dr.  Richard 
Ungrodt,  Dr.  Joseph  Hogan  and  Dr.  Claire  Van  Ummersen  discussed 
programs,  problems,  goals  etc.  with  representatives  of  each  of 
the  institutions.   Appendix  C  provides  comments  on  these 
meetings  and  will  be  referred  to  later  in  this  report. 

1.2.5.   Demand  By  Industry 

In  Massachusetts,  engineering  education  is  especially  important 
because  the  state  must  have  a  steady  flow  of  engineering 
graduates  to  meet  the  present  and  future  needs  of  industry,  to 
attract  new  industries  to  the  state  and  to  keep  Massachusetts 
competitive  with  other  states. 

Educational  planning  which  considers  the  delicate  balance 
between  supply  and  demand  for  engineers  will  be  very  important. 
Recognizing  this  need  the  Board  of  Regents  recently  requested  a 
report  from  its  Ad  Hoc  Committee  on  Engineering  Manpower.   This 
committee  concluded  that  no  methodology  now  exists  for 
satisfactorily  predicting  the  balance  between  supply  and 
demand.  Tae   committee  recommended  Chat  a  monitoring  system  be 
put  in  place  to  track  data  in  the  Commonwealth  on  supply  and 
demand  for  engineers. 

At  the  present  time  its  appears  chat  there  is  an  excess  supply 
of  chemical  and  civil  engineers.  Some  division  in  opinion 
exists  as  to  whether  or  not  the  supply  of  Mechanical  Engineers 
has  kept  up  with  the  demand.  All  who  have  studied  Che  problem 
have  concludedthac  the  demand  for  electrical  engineers  exceeds 
the  supply.   It  will  be  necessary  for  industry  Co  increase 
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iC3  recruicmenc  of  alectrical  engineers  from  outside  the 
sCate.   An  increase  in  the  quality  of  the  engineering  schools 
will  also  attract  more  outstanding  scholars  from  other  states 
many  of  whom  will  stay  in  Massachusetts  upon  completion  of 
their  studies . 

Supply-demand  considerations  are  very  complex  because  so  many 
factors  must  be  considerd.   These  include  the  student  applicant 
pool,  the  state  of  the  economy,  changing  technologies  and 
industrial  geographical  shifts.   Any  of  these  can  upset 
predictions.   In  view  of  the  above  the  Ad  Hoc  Committee 
concluded  that  "emphasis  over  the  next  few  years  should  be 
placed  on  improving  the  quality  of  undergraduate  engineering  as 
opposed  to  further  expansion  of  enrollments.   This  will  give 
time  to  better  assess  the  future  needs  for  engineering 
educational  capacity." 

Of  very  serious  concern  to  Massachusetts  is  the  decrease  in  the 
number  of  doctorates  granted  statewide.   The  demand  is 
extremely  great  for  engineers  with  doctoral  degrees  .   The 
limited  availability  of  such  people,  in  turn,  limits  the 
expansion  of  engineering  educational  programs.   Industry  is 
also  limited  if  doctorate  level  engineers  are  not  available  for 
research  and  development  activities. 

It  should  be  pointed  out  that  additional  capacity  in  the 
existing  engineering  schools  or  the  establishment  of  new 
engineering  schools  may  not  materially  increase  the  number  of 
graduates.   The  existing  engineering  schools  project  little  or 
no  growth  in  the  next  five  years  and  there  are  some  indications 
that  almost  all  of  the  high  school  students  with  both  a  desire 
and  capability  to  study  engineering  now  have  access  to  such  an 
education. 

The  report  of  the  3oard  of  Regents  Ad  Hoc  Committee  on 
Engineering  Manpov/er  in  contained  in  appendix  Z, 

Aoolicant  Pool 

■ 

Section  1.1.7  discussed  the  applicant  pool  at  the  national 
level  and  indicated  a  sharp  decrease  in  the  number  of  13-year- 
olds.   The  decrease  is  even  more  drastic  in  New  England  and 
Massachusetts.   Using  1981  as  a  base  year,  the  change  in  the 
number  of  high  school  graduates  as  projected  in  a  report  of  the 
Western  Interstate  Commission  for  Higher  Educaton  (WICHE)  is 
given  in  Figure  1-4. 


1.2.7 


Figure   1-4 

Pattern  of  Projected  Hlgft  Schcol  Oraduatsa 
1981  -  2000,  Itovztyeaat  States 
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More  compleca  and  detailed  information  is  contained  in  the 
October  1983  report  to  the  Board  of  Regents  titled  "Shaping  the 
Future  of  Massachusetts  Higher  Education:   Demographic  Change 
and  Enrollment  Prospects." 

vThile  there  appears  to  be  enough  applicants  currently  qualified 
for  engineering  schools  to  fill  the  schools  to  capacity,  this 
must  be  monitored  carefully  as  the  number  of  eighteen-year-olds 
decline  in  Massachusetts.   A  larger  proportion  of  high  school 
graduates,  including  women  and  minorities,  must  be  awakened  to 
the  career  opportunities  available  to  them  in  engineering.   To 
even  maintain  current  enrollment,  capturing  a  larger  share  of 
the  applicant  pool  will  be  required  in  the  future.   If  the 
quality  of  the  elementary  and  high  schools  can  be  improved, 
this  will  increase  the  percentage  of  students  capable  of 
pursuing  an  engineering  degree. 

If  the  quality  of  the  universities  in  the  state  is  improved, 
the  number  of  applicants  from  outside  the  state  of 
Massachusetts  will  probably  increase. 

Summary  of  Massachusetts  Scene 

■The  same  factors  affecting  engineering  education  on  the 
national  level  bear  on  the  engineering  educational  enterprise 
within  the  state  of  Massachusetts.  Most  of  the  engineering 
schools  are  experiencing  the  following: 

Excessive  undergraduate  enrollments. 

O/ercrowding  in  the  classrooms  and  laboratories. 

Shortage  of  faculty,  due  to  difficulty  in 
recruiting  or  lack  of  funded  positions. 


Laboratory  equipment  inadequate  and  outmoded 


-23- 

Lack  of  growth  in  graduate  programs. 

Difficulty  in  recruiting  oiinorities  (  and  to  a 
lesser  extent  women)  to  the  field  of 
engineering . 

The  state  as  a  whole-  is  experiencing  the  following: 

Shortage  of  engineering  graduates,  particularly 
in  electrical  and  computer  engineering  areas  . 

Lack  of  a  proven  supply-demand  model  for 
engineering  manpower. 

Concern  over  the  quality  of  elementary  and  high 
school  educational  quality. 

M.I.T.  occupies  a  unique  position  and  as  such  does  not 
experience  some  of  the  conditions  cited  above.   For  example,  it 
controls  enrollments  and  is  able  to  attract  top  candidates  as 
undergraduates,  graduate  students  and  even  faculty. 


CHAPTER  II 
NEED  FOR  EXCELLENCE 


2.1     Factors  that  Influence  Quality 

Improvement  in  the  quality  of  engineering  education  should  be  a 
foremost  goal  of  the  state.   This  is,  of  course,  important  to 
the  students  in  the  programs,  but  it  is  also  important  to  the 
present  and  future  veil-being  of  the  economy  of  Massachusetts, 
due  to  its  importance  in  attracting  and  keeping  high  technology 
industries.   Industry  of  this  type  looks  for  high  quality 
engineering  schools  to  provide  graduates  and  educational 
opportunities  for  their  engineers,  particularly  at  the  graduate 
levels.   They  are  also  interested  in  the  research  of  such 
institutions  and  the  quality  of  the  faculty.   Faculty  of  such 
institutions  may  provide  consultants  Co  aid  a  company's 
research  and  development  effort.   Companies  are  also  seeking 
out  engineering  school.?  Chat  will  undertake  research 
activities.   For  the  above  reasons,  excellence  in  engineering 
education  should  be  a  goal  of  Che  state  and  each  of  the 
engineering  schools  in  Massachusetts. 

2.1.1  Quality  of  Scudents 

A  school  with  a  naCional  reputation  has  little  difficulty 
recruiting  excellent  students  since  such  schools  are  sought  out 
by  Che  best  high  school  graduates.   For  Chose  schools  depending 
on  a  flow  of  encering  students  from  nearby,  the  quality  of  the 
entering  student  is  greatly  affected  by  the  quality  of 
education  in  Che  elementary  and  nigh  schools  of  Che  region. 
Most  of  the  engineering  schools  in  Che  state  admit  a  majoricy 
of  freshmen  from  Massachusetts.   Some  of  Che  schools  can  be 
very  selective  in  admissions  and  hence  Che  quality  of  the 
student  overshadows  the  quality  of  the  educational  process  Co 
which  that  student  was  exposed.  'Other  schools  purposely 
provide  opportunity  for  a  wide  range  of  high  school  graduates, 
and  for  these  schools  it  is  difficulc  to  overcome  the  marginal 
background  of  some  of  its  entering  freshmen.   Massachusetts  has 
some  excellent  school  systems,  but  marginal  school  systems  must 
be  improved.   Unfortunately  these  are  frequently  in  Che  areas 
where  Che  economicallv  disadvanca<?ed  live. 

2.1.2  The  UndergraduaCe  Experience 

The  qualicy  of  Che  undergraduaCe  programs  is  affected  by  the 
qualiCy  of  Che  faculty,  program  concenc,  facillcias  and 
equipmenc.   A  faculcy  chac  Is  overextended  due  Co  Ceaching 
load,  class  size  and  understaf f ing  can  noc  perform  Co  Che 
sCandards  Chat  each  oieniber  would  prefer.   The  state  supported 
engineering  schools  are  not  being  provided  Che  resources  Co 
deliver  Che  qualicy  program  desired  and  aCCainable  by  Cae 
faculcy  in  place.   Some  of  Che  independent  engineering  schools 
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are  also  having  great  difficulties  obtaining  the  needed 
resources.   This  is  particularly  true  in  smaller  institutions. 

2.1.3  Graduate  Education  and  Research 

The  need  for  graduate  engineering  education  is  great  and  a 
separate  chapter  follows  on  part-time  off-campus  programs. 
Quality  graduate  education  not  only  supplies  a  needed  program 
for  students  but  is  an  important  factor  in  attracting  high 
quality  faculty.   Research  associated  with  graduate  programs  is 
an  important  measure  of  their  quality  of  graduate  programs. 

2.1.4  Availability  of  Resources 

Quality  programs  depend  completely  on  the  availability  of 
resources  supplied  to  the  engineering  schools.   Independent 
schools  in  the  state  range  from  those  with  large  endowments  to 
those  that  receive  98%  of  their  funds  from  tuition  income.   The 
state  supported  schools  have  not  received  the  resources  needed 
to  improve  quality.   Sometimes  this  lack  is  due  to  policies  on 
Che  local  campus,  sometimes  it  is  due  to  lack  of 
appropriations.   Table  D-9  (appendix  D)  illustrates  the  great 
difference  in  resources  supplied  to  the  various  engineering 
schools  of  the  state.   Note  particularly  the  inadequacy  of 
staff  support  (secretarial  and  technicians)  at  the  state 
supported  engineering  schools. 

During  the  course  of  visits  to  the  schools  many  examples  of  the 
lack  of  resources  was  evident.  Tae   examples  include: 

University  of  Lowell:   In  spite  of  having  the 
highest  percentage  of  engineering  students  of  the 
state  universities,  this  institution  receives  the 
lowest  appropriation  per  student  from  the  state.   As 
a  result  of  this,  support  services  suffer.   An 
example  of  this  is  in  the  electrical  engineering 
department  where  there  is  only  one  secretary  for  30 
faculty  members. 

University  of  Massachusetts-Amherst :   In  spite  of 
having  a  large  undergraduate,  graduate  and  research 
program  the  campus  administration  has  allocated  only 
$50,000  annually  from  the  maintenance  budget  for  the 
last  several  years  to  be  used  by  the  college  of 
engineering  to  purchase  capital  equipment  including 
laboratory  equipment.   This  is  completely  Inadequate. 

Southeastern  Massachusetts  University:   Although  a 
major  computer  and  100  terminals  were  received  on 
campus,  installation  was  delayed  more  than  six 
months  due  to  the  lack  of  technicians  needed  to 
install  it  and  the  failure  of  administration  to 
support  alternatives. 
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2.2     Attaining  National  Prominence 

Although  the  previous  section  stressed  quality  at  all  levels  it 
is  sometimes  possible-  to  have  high  quality  that  goes 
unrecognized.   The  factors  that  affect  this  recognition  should 
therefore  be  examined. 

The  first  priority  of  an  engineering  school  should  always  be 
the  providing  of  high  quality  undergraduate  engineering 
education  to  its  students.   The  Bachelor's  programs  in 
engineering  are  the  base  upon  which  engineering  schools  are 
built.   Excellence  of  the  undergraduate  program  usually  becomes 
well-known  in  the  local  and  occasionally  the  regional  areas 
served  by  the  institution.   Unfortunately,  such  excellence  is 
rarely  acknowledged  at  the  national  level.   For  example,  flarvey 
Mudd  College  on  the  West  Coast  and  Rose  Hulman  College  in  the 
>fidwest  have  excellent  undergraduate  programs  but  are  not 
well-knoxra  nationally.   The  undergraduate  program  unfortunately 
is,  therefore,  not  a  means  to  achieve  national  prominence. 

The  size  of  a  program,  in  terms  of  enrollment,  is  another 
factor  frequently  considered  in  building  a  national 
reputation.   A  larger  size  frequently  leads  to  a  better  quality 
of  undergraduate  program  because  of  greater  efficiencies  built 
into  the  syscem.   For  example,  class  sizes  can  be  controlled  so 
Chat  teaching  is  efficient  providing  the  most  effective 
learning  experiences  for  the  students.   Many  more  electives  can 
also  be  offered  in  the  senior  year  with  these  electives  being 
sufficiently  populated  to  still  provide  efficient  use  of 
teaching  resources.   Larger  enrollments  in  programs  result  in 
more  graduates  and  this  is  an  important  factor  to  industries 
recruiting  engineers  in  that  state.   Thus  size  may  be  an 
important  factor  in  the  efficiency  and  cost  of  providing 
engineering  education  as  well  as  improving  the  quality  of  such 
education.   However  it,  too,  is  not  a  major  factor  in  achieving 
a  national  reputation.   California  Institute  of  Technology  is 
an  example  of  a  school  with  an  extremely  fine  and  national 
reputation  but  with  an  extremely  'small  undergraduate  program. 
Likewise  large  enrollment  in  an  undergraduate  program  is  not 
necessarily  a  leading  factor  in  attracting  industry  Co  the 
region  near  the  school.   For  example,  Texas  AScM  University, 
Virginia  Polytechnic  Institute  and  University  of  Missouri  at 
Rolla  are  three  of  Che  larger  undergraduate  programs  in  the 
country,  and  yet  have  essentially  little  or  no  industry 
surrounding  them. 

The  single  most  important  factor  In  determining  national 
reputation  is  Che  qualicy  of  Che  graduate  programs  and  Che 
concomitant  research  done  at  Chose  institutions.   The  American 
Council  on  Education  has  made  major  studies  on  the  quality  of 
graduace  programs-   These  reports  ranked  cne  qualicy  of  Che 
doctoral  programs  at  inscicucions  as  well  as  Che  qualicy  of  Che 
faculcies.   The  Cop-ranked  engineering  schools  in  Chese  reports 
are  uniformly  the  same  Inscicutions  chac  enjoy  Che  besc  overall 
national  reputations.   One  must  conclude  from  that,  Chac 
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national  reputation  is  strongly  dependent  upon  Che  quality  of 
research  and  graduate  programs  at  engineering  schools. 
Included  in  the  top  grouping  are  independent  institutions  such 
as  M.I.T.,  Stanford,  California  Institute  of  Technology  and 
state  institutions  such  as  the  University  of  California, 
University  of  Michigan  and  University  of  Illinois.   These 
schools  are  all  well  recognized  nationally  for  the  excellence 
of  their  engineering  programs.   They  are  both  public  and 
independent,  large  and  small,  but  all  are  top  quality  graduate 
and  research  institutions. 

Importance  of  Research  and  Graduate  Programs 

While  the  previous  section  stressed  the  importance  of  research 
and  graduate  programs  on  acheiving  national  prominence ,  there 
are  a  number  of  other  advantages  in  building  strength  in 
research  and  graduate  studies.  Tae   shortage  of  faculty  at  the 
national  level  has  been  stressed  several  times  in  this  report. 
Recruiting  for  quality  faculty  is  a  very  difficult  task. 
Prospective  faculty  consider  such  things  as  salary,  teaching 
loads,  geographic  locations,  fringe  benefits,  and  a  number  of 
other  factors.   Of  great  importance  to  prospective  faculty  is 
the  opportunity  to  participate  and  contribute  to  on-going 
research  programs.   The  better  the  quality  of  research  and 
graduate  studies  at  the  institution,  the  easier  it  is  to 
attract  quality  faculty. 

The  faculty  that  is  excellent  in  research  attracts  a  number  of 
research  grants.   These  research  grants,  in  turn,  provide  for 
partial  payment  of  the  professor's  salary  proportional  to  the 
professor's  effort  on  the  research  project.   These  salary  funds 
provided  by  the  grants  are  frequently  referred  to  as  soft  money 
and  this  soft  money  is  used  by  many  institutions  to  hire 
additional  faculty,  thus  providing  strengths  to  the  institution 
that  would  normally  not  be  possible. 

As  a  result  of  the  research  grant,  faculty  members  usually 
publish  the  results  in  learned  journals.   This,  in  turn, 
enhances  their  reputation  and  that  of  the  institution  they 
represent.   Research  grants  frequently  provide  funds  for 
laboratory  equipment,  or  for  the  maintenance  of  such 
equipment.   The  benefits  of  research  thus  make  the  institutions 
and  the  faculties  more  attractive  to  agencies  and  industries 
supporting  the  research,  and  therefore,  increase  the  likelihood 
of  gaining  more  grants  to  the  institutions. 

Because  engineering  bachelor  degree  graduates  receive  high 
initial  salaries,  graduate  opportunities  must  be  made  as 
attractive  as  possible  to  them.   Of  prime  importance  is  the 
financial  support  needed  by  engineering  graduate  students.   A 
university  with  a  high  quality  graduate  and  research  program 
will  also  have  many  research  grants  that  support  the  graduate 
students.   Also  industries  chat  supply  fellowship  funds  to 
institutions  for  Che  support  of  graduate  students,  do  so 
primarily  based  on  cha  reputation  of  the  inscicucioa' s 
graduaCe  and  research  programs. 
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2.2.2  Research  in  Massachusetts  Institutions 

There  is  a  wide  range  of  activity  in  research  at  the 
engineering  schools  of  Massachusetts.  Table  2-1  gives  a  listing 
of  research  expenditures  of  the  various  schools  taken  from  the 
1983  data  supplied  to  the  American  Society  of  Engineering 
Education  and  published  in  March  of  1984. 

Table  2-1 
ENGINEERING  RESEARCH  EXPENDITURES 

1982-83 
Public  Institutions 

University  of  Massachusetts  Amherst  3,674,317 

University  of  Lowell  1,142,000 

Southeastern  Massachusetts  University  231,899 

Independent  Institutions 

Boston  University  537,000 

Massachusetts  Institute  of  Technology  55, 592, .235 

Northeastern  University  2,057,960 

Tufts  University  477,000 

Western  New  England  College  17,000 

Worcester  Polytechnic  Institute  4,263,000 

A  detailed  listing  showing  the  source  of  support  is  given  in 
Table  D-10  (appendix  D)  and  another  listing  showing  research 
support  broken  down  by  field  of  engineering  is  given  in  Table 
D-11  (appendix  D) .   Most  of  the  research  support  comes  from  the 
federal  government  and  at  most  schools  electrical  engineering 
research  receives  the  largest  allocations. 

2.2.3  Centers  of  Excellence 


The  state  of  Massachusetts  is  in  the  process  of  establishing 
several  centers  of  excellence.   The  first  of  these  is  to  be  a 
Microelectronics  Center.  Preliminary  discussions  have  also 
occurred  concerning  the  establishment  of  a  Photovoltaic  Center 
and  a  Polymer  Science  C<='nter.   These  centers  should  provide 
valuable  learning  experiences  and  research  opportunities  for 
students,  as  well  as  faculty,  to  interact  with  industry 
researchers  in  a  suooortive  atmosohere.   These  centers  should 
facilitate  joint  research  and  development  ventures  between 
universities  and  industries. 

It  should  be  noted  that  Massachusetts  is  not  the  only  state 
providing  funds  for  centers  of  excellence  and  similar 
approaches.   The  competition  among  states  is  great  and  stakes 
are  high.   P^ecently  the  highly  sought  after  Microelectronics 
and  Computer  Technology  Corporation  picked  Austin,  Texas  as  its 
location.   One  factor  involved  the  decision  by  the  University 
of  Texas  to  provide  endowments  worth  $15  million  for  faculty 
members  in  its  computer  science  and  electrical  engineering 
departments.   Other  states  have  made  similar  commitments  to 
attract  high  technology  industries. 
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2.3     Return  on  Investment 

It  is  important  that  the  state  support  quality  at  all  levels  of 
the  educational  system.   It  is  particularly  important  that 
research  and  graduate  programs  in  the  engineering  schools  be 
adequately  supported.   Everything  possible  should  be  done  to 
improve  the  research  facilities  and  buy  needed  research 
equipment  for  the  engineering  schools.   Great  care  should  be 
taken  in  the  recruitment  of  faculty  so  that  those  selected  have 
outstanding  potential  for  research  as  well  as  excellence  in 
teaching  at  the  undergraduate  and  graduate  levels.   Once  the 
faculty  at  an  institution  h^s    an  outstanding  reputation,  it 
becomes  easier  to  attract  new  young  faculty  to  join  them. 
Excellence  begets  excellence.   It  takes  time  to  develop  the 
critical  mass  to  establish  an  excellent  research  reputation  at 
an  institution. 

Maintaining  a  sufficient  supply  of  engineering  graduates  from 
quality  programs  is  essential  to  Massachusetts  '  capacity  to 
attract  new  industries  and  keep  the  present  industries  in  tne 
state.   An  investment  in  engineering  education  will  be  regained 
many  times  over  in  new  job  opportunities,  which  will  in  turn 
translate  into  a  healthier  economy  for  the  state. 


CHAPTER  III 
CONTINUING  EDUCATION  FOR  ENGINEERS 


3.1  Needs  of  Industry 

In  a  field  governed  by  rapidly  changing  technology,  continuing 
education  is  a  critical  component  in  satisfying  the  need  for 
continued  professional  development  of  engineers.   Many 
engineers  satisfy  this  need  by  taking  graduate  courses  as  part 
of  a  master's  degree  program,  while  working  in  full  time 
employment.   The  availabilty  of  such  programs  depends  on  the 
proximity  of  an  engineering  school  or  on  the  delivery  of  such 
courses  from  a  remote  location. 

Massachusetts  has  many  industries  hiring  large  numbers  of 
engineers.   Of  major  importance  to  these  industries  is  the 
ability  to  satisfy  their  manpower  needs.   Industries  meet  these 
needs  by  hiring  engineering  graduates,  not  only  from 
Massachusetts,  but  from  all  over  the  nation.   Since  many  of  the 
new  engineering  graduates  are  interested  in  graduate  programs, 
the  availability  of  such  programs  becomes  very  important  in  the 
recruiting  process.   Industry  thus  needs  these  programs  not 
only  to  satisfy  the  educational  requirements  of  their  engineers 
already  employed,  but  also  as  an  attraction  for  newly  hired 
engineers.   This  attraction  is  related  to  the  quality  of  the 
graduate  programs  available,  thus  high  quality  programs  are 
imperative . 

3.2  Evening  Programs 

The  Boston  area  has  long  been  served  by  Northeastern 
University's  evening  graduate  programs.   In  addition  to 
offering  such  courses  on  its  main  campus,  Northeastern  has 
established  two  suburban  campuses  for  the  offering  of  evening 
courses.   These  programs  have  been  very  well  received,  and  a 
large  number  of  engineers  have  obtained  their  master's  degrees 
by  this  method.   Recently  Northeastern  has  begun  an  Industrial 
Fellowship  Program.   In  this  program  the  employee  spends  two 
days  a  week  on  the  Northeastern  campus  for  three  quarters  while 
working  the  other  days  of  the  week.   The  fourth  quarter  is 
spent  in  the  company  where  the  master's  thesis  is  completed. 
This  program  is  offered  in  electrical  engineering  in  the  areas 
of  computer  engineering  or  communications  and  signal  processing 
and  leads  to  the  M.S.  in  E.E.  degree.   While  not  an  evening 
program  it  provides  a  graduate  program  for  the  employed 
engineer  wich  the  complete  cost  borne  by  the  employer  and 
completion  of  the  degree  possible  in  one  calendar  year. 

Recently  Boston  University  also  set  up  master ' s • degree  programs 
in  engineering  for  employed  engineers  of  the  Boston  area. 
Worcester  Polytechnic  Institute  offers  graduate  degree  programs 
at  the  master's  level  In  an  evening  program.   Courses  are 
offered  on  the  main  campus  and  at  four  off-campus  locations. 
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The  University  of  Lowell  offers  an  extensive  evening  program 
but  the  majority  of  the  engineering  related  courses  are  in  the 
engineering  technology  program. 

SMU  has  a  small  master's  level  program  in  electrical 
engineering  serving  industries  in  the  Southern  Massachusetts 
region. 

3.3     On  -  Site  Programs 

There  is  an  increasing  trend  toward  delivering  graduate 
programs  at  the  place  of  employment  of  the  engineer.   In  some 
cases  only  the  employees  of  the  host  company  may  attend  and  in 
other  cases  the  industrial  location  is  treated  as  an  extension 
of  the  main  campus  of  the  offering  university  and  any  graduate 
students  may  attend. 

3.3.1  Video  Cassette  Deliverv 

I 

The  University  of  Massachusetts-Amherst  has  a  Video 
Instructional  Program  (V.I. P.)  effort  in  which  regular  graduate 
courses  are  video  taped  and  distributed  to  industrial  sites. 
Employees  can  thus  take  the  course  at  their  place  of 
employment.   University  of  Massachusetts-Amherst  has  a  goal  of 
1,000  course  registrants  per  semester  in  this  program.   At  the 
present  time  offerings  are  available  leading  to  the  Master's 
Degree  in  Electrical  and  Computer  Engineering  and  Engineering 
Management. 

Boston  University  has  utilized  videotaped  lectures  for  two 
on-site  graduate  courses  in  engineering. 

Massachusetts  Institute  of  Technology  has  produced  a  number  of 
complete  courses  on  videotape  through  its  Center  for  Advanced 
Engineering  Study.   These  courses  are  available  for  purchase  or 
for  rental,  primarily  to  other  educational  Institutions  or  for 
industry  since  the  cost  is  completely  prohibitive  for  an 
individual.  M.I.T.  does  not  offer  academic  credit  with  the 
videotaped  courses. 

3.3.2  On  Line  Television  Delivery 

In  September,  1983,  Northeastern  University  began  live  T.V. 
broadcasts  of  graduate  courses  directly  into  the  plants  of  ten 
companies  in  the  Boston  area.   These  courses  are  broadcast 
during  the  day  while  on  campus  graduate  students  are 
simultaneously  taking  the  course.   Two  special  T.V.  classrooms 
have  been  established  on  campus.   The  courses  are  microwaved  to 
the  Prudential  Building  Towers  where  they  are  rebroadcast  over 
an  omnidirectional  antenna.   Receiver  antennas  are  located  at 
the  industrial  plants.   Telephone  communications  are  maintained 
so  that  students  at  the  Industrial  site  can  ask  questions  of 
the  professor  during  the  course  of  the  lecture,  providing 
interactive  coomunicacions  at  all  times.   Couriers  are  used  to 
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collect  and  deliver  homework.   The  students  go  to  one  of  the 
suburban  campuses  to  take  the  exams,  which  are  given  at  the 
same  time  as  the  on-campus  regular  course  exams.   There  are  200 
students  in  the  program  and  10  additional  companies  are  joining 
Che  program  in  Fall  1984.   The  companies  permit  the  students  to 
take  courses  during  regular  working  hours  and  the  companies  pay 
for  all  costs  of  the  program.   Tuition  is  twice  Che  usual 
tuition  for  a  course.   This  approach  to  delivery  of  off-campus 
graduate  programs  shows  great  promise. 

3 .4  State  Television  Network 

In  1982  the  Commonwealth  of  Massachusetts  authorized  a 
statewide,  multipurpose,  educational  telecommunications 
network.   It  further  created  Che  Massachusetts  Corporation  for 
Educational  Telecommunications  (MCET)  to  implement  Che  network, 
giving  the  corporation  broad  authority  to  plan,  create  and 
operate  a  statewide  telecommunications  system.   One  of  the 
purposes  cited  is  to  link  higher  education,  school  systems, 
libraries,  and  health  institutions  Co  the  many  potential  users 
of  telecommunications  by  establishment  of  a  telecommunications 
network  which  x/ould  encourage  and  facilitate  economies  of  scale 
and  complementariness  among  such  entities  by  providing  a  direct 
communications  link,  for  education,  information  and  data 
resource  sharing.   A  board  of  directors  has  been  established 
and  staff  has  been  appointed.   The  Corporation  has  been 
involved  in  planning  and  defining  its  role  and  must  still  be 
considered  to  be  in  its  formative  stage. 

The  availability  of  such  a  network  has  great  potential  for 
improving  dramatically  the  delivery  of  continuing  engineering 
education,  including  graduate  programs  at  the  master  s  degree 
level.   This  system  provides  the  potential  for  interchange  of 
courses  among  universities,  remote  delivery  of  courses  from  the 
campus  to  an  industrial  location  or  to  a  satellite  campus, 
delivery  of  lower  level  engineering  courses  to  community 
colleges  and  delivery  of  short  courses.   These  possibilities 
should  be  explored  jointly  by  the  Corporation,  the  universities 
and  technological  industries. 

3 . 5  National  Technological  University 

The  National  Technological  UniversiCy  (NTU)  was  incorporaCed  in 
January,  1984.   Ic  plans  Co  offer  graduate  courses  by 
instructional  television  (ITV) .   Courses  would  be  generated  at 
one  of  the  participating  universities,  and  the  participating 
university  would  be  responsible  for  the  grading  of  students 
enrolled  in  Chat  particular  course.   NTU  would  keep  a  registry 
of  all  grades  and  Che  Master  of  Science  degree  in  selected 
fields  of  engineering  would  be  granted  by  NTU  upon  successful 
completion  of  all  the  required  courses.   Northeastern 
University  and  the  UniversiCy  of  MassachuseCCs  have  boch 
elected  to  become  participating  universities  and  two  otner 
universities  in  Massachusetts  are  considering  participation.   It 


-33- 


is  an  interesting  approach  and  should  be  monitored  to  determine 
its  effect,  if  any,  on  satisfying  the  needs  for  graduate 
programs  in  the  state. 


L 


CHAPTER  IV 
INSTITUTIONAL  PROGRAM  DEVELOPMENT  THROUGH  1990 

Plans  and  Pro j actions  Through  1990 

Tne  last  few  years  have  been  difficult  ones  for  Che  engineering 
schools  of  the  state.   Enrollments  have  soared,  faculty  have 
been  overloaded  and  resources  have  been  limited.   Demand  for 
graduates  has  been  great  but  has  moderated  in  several  fields. 
All  of  these  problems  have  exacted  a  toll,  and  quality  has  been 
difficult  to  maintain.   The  schools  have  recognized  Che  fact 
that  the  college-age  population  is  decreasing  and  will  continue 
Co  do  so  for  Che  next  Cen  years.   Most  of  Che  schools  have 
recognized  ChaC  expansion  of  existing  programs  and 
establishment  of  new  programs  will  not  solve  chese  problems. 
In  general  Che  schools  are  planning  for  improvement  in  quality. 


4. 2     Anticipated  New  Programs  (Public) 

4.2.1   UniversiCy  of  Massachusetts  -   Amherst 

The  University  of  Massachusetts  -  Amherst  is  proposing  no 
grov/th  in  undergraduate  student  enrollments.   In  fact,  it  is 
expected  chat  the  freshmen  enrollment  will  be  decreased  as  a 
matter  of  policy.   Addicional  studenCs  will  be  accepted  as 
Cransfer  students  after  completing  two  years  of  preparation  at 
a  community  college  or  other  collage.   Thus,  Che  number  of 
graduates  should  remain  approximately  Che  same  as  Che  present, 
but  Che  ceaching  will  be  concentracad  mora  in  junior  and  senior 
level  classes. 

The  college  has  a  five  year  goal  of  significantly  increasing 
the  size  and  quality  of  the  graduaCe  and  research  programs. 
The  college  hooes  Co  double  its  graduaCe  enrollmenc  and  Co 
produce  50  PhD'^s  annually  and  Co  actracc  SlO  million  annually 
for  research. 

The  college  is  planning  no  new  programs  or  degrees  buC  will  Cry 
Co  do  everything  possible  Co  improve  qualiCy  by  solving  its 
existing  problems  as  follows: 

recruit  and  reCain  an  ouCsCanding  faculcy; 

decrease  overcrowding  in  undergraduace  classrooms 
and  laboracories ; 

add  and  improve  boCh  classroom  and  laboratory  space; 

improve  compucer  access  ;  ; 

replace  obsolece  laboracory  equipmenc  and  provide 
modern  laboracories ; 
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emphasiza  graduate  education; 

expand  research;  and 

obtain  modern  research  buildings  and  equipment  to 
support  research  effort. 

University  of  Lowell 

The  University  of  Lowell  is  planning  for  no  new  degrees  or 
programs  at  the  undergraduate  level  in  engineering  or 
engineering  technology.   Emphasis  is  to  be  placed  on  growth  of 
the  master  level  graduate  program  and  initiation  of  a  Doctor  of 
Engineering  degree  with  a  major  in  any  of  the  current  degree 
granting  engineering  disciplines.   Another  major  thrust  will  be 
to  obtain  additional  funding  to  improve  the  quality  of  the 
engineering  college.   This  funding  would  be  used  to  do  the 
following: 

hire  additional  faculty; 

replace  obsolete  equipment; 

add  state-of-the-art  laboratory  equipment  and 
computing  facilities; 

improve  physical  plant; 

improve  support  services; 

initiate  Doctor  of  Engineering  program 

The  only  new  program  anticipated  is  the  Doctor  of  Engineering 
degree  program. 

Southeastern  Massachusetts  University 

I  I      I    I  I   1 1     I   I  I 

Southeastern  Massachusetts  is  planning  for  no  new  degrees  or 
programs  at  the  undergraduate  level  in  engineering  or 
engineering  technology.   Some  expansion  is  planned  in  existing 
master's  level  graduate  programs  to  better  serve  the  needs  of 
area  industries.   The  only  neu   programmatic  thrust  is  the 
planning  for  a  PhD,  degree  program  in  electrical  engineering. 
The  college  has  a  major  thrust  to  strengthen  ties  with  regional 
industry  particularly  in  the  Electrical  and  Computer 
Engineering  areas.   Increased  funding  is  sougnt  for  the 
following : 

additional  faculty; 

merit  raise  funds; 

improved  laboratory  and  computer  equipment; 

increased  U.S.    offerings  to  employed  engineers. 

The  only  new  program  being  proposed  is  the  PhD. degree  program 
in  Electrical  Engineering. 
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4.2.4  Massachusetts  Maritime  Academy 

Massachusetts  Maritime  Academy  is  planning  no  new  engineering 
programs.  Major  efforts  in  the  immediate  future  will  be  the 
integration  of  the  new  vessel  into  the  ongoing  programs  of  the 
Academy . 

4.2.5  University  of  Massachusetts  -  Boston 

TTie  University  of  Massachusetts  -  Boston  has  proposed  offering 
the  3S  in  Engineering  Physics  degree.   Other  planning  is  for 
improvements  in  the  engineering  transfer  program,  including 
upgrading  of  laboratory  equipment. 

4.2.6  Fitchburg   State   College 

Fitchburg  State  Collage  has  proposed  offering  the  following 
degree  programs : 

3.S.  in  Electrical  Engineering 

B.S.  in  Mechanical  Engineering 

4.2.7  Salem  State  College 

Salem  State  College  has  proposed  offering  the  following  degree 
programs : 

B.S.  in  Civil  Engineering 

B.S.  in  Computer  Engineering 

4.2.8  Westfield  State  College 

Westfiald  State  College  has  proposed  offering  the  following 
degree  programs 

B.S.  in  Microcomputer' Applications  Engineering 

B.S,  in  Microelectronics  Engineering 

4.2.9  Roxbury  Community  College 

Roxbury  Community  College  has  proposed  offering  an  A.S.  degree 
for  Pre-Engineering  transfer. 

4. 3     Anticipated  New  Programs  (Independent) 

Most  of  the  independent  engineering  schools  do  not  anticipate 
adding  new  programs  but  instead  are  planning  for  improvement  in 
quality  of  their  present  programs.   All  existing  programs,  just 
as  in  the  public  sector,  will  be  modifying  curricular  content 
in  response  to  new  technological  developments.   The  few 
exceptions  to  this  are  in  the  sections  that  follow. 
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4.3.1  Boston  College 

Boston  College  does  not  have  an  engineering  program  at  the 
present  time.   There  is  now  a  proposal  under  review  to  initiate 
degree  programs  in  electrical  and  computer  engineering. 

4.3.2  Boston  University 

Boston  University  has  major  plans  for  expansion  of  its 
engineering  programs .   A  fund  drive  is  underway  to  provide  for 
expansion  of  the  physical  plant.   Emphasis  is  being  placed  on 
distinctive  programs  in  such  fields  as  Bio-iMedical ,  Computer, 
Manufacturing  and  Aerospace  Engineering.   Increased  graduate 
course  offerings  to  employed  engineers  are  also  planned. 

4.3.3  Analogic  Corporation 

Analogic  Corporation  has  requested  degree  authority  to  offer  a 
M.S.  in  Engineering  Management  as  a  component  of  the  articles 
of  incorporation  for  the  Gordon  Institute  of  Advanced 
Technology. 


CHAPTER  V 
OPPORTUNITIES  FOR  COOPESATION 


One  of  Che  advantages  of  visiting  with  institutions  Chroughout 
the  State,  is  the  possibility  of  obtaining  an  overview,  not 
only  of  the  institutions,  but  of  how  their  interaction  with  one 
another.   Several  areas  of  possible  cooperation  became  evident 
during  the  course  of  the  study.   These  opportunities  will  be 
separately  discussed  in  this  section,  with  the  hope  that,  where 
cooperation  now  exists,  it  will  continue  and,  where  it  does  not 
exist,  institutions  will  consider  participation  in  some  of 
these  activities  with  other  instititions . 

5 .1  Collaborative  Program 

The  Collaborative  Program  is  an  excellent  example  of 
cooperation  among  institutions.   In  this  particular  case,  it 
involves  a  public  institution  and  four  independent  institu- 
tions.  The  program  enables  economically  disadvantaged  students 
to  enroll  at  the  University  of  Massachusetts  -  Boston  for  their 
first  two  years  of  engineering  and  then  transfer  to  the 
Electrical  Engineering  programs  at  Boston  University, 
Northeastern  University,  or  Tufts  University.   They  may  also 
enter  the  Electrical  Engineering  Technology  program  at 
Wentworth  Institute  of  Technology.   This  program  seems  to  be  a 
help  to  all  concerned  --  the  students,  the  universities,  and 
industries  of  the  Stace.   This  is  particularly  true  because 
Electrical  Engineering  graduates  are  in  such  great  demand  by 
the  high  technology  industries  of  Massachusetts.   The  four 
Independent  schools  are  Co  be  commended  for  their  participation 
in  this  timely  and  important  project.   Tnis  project  should  be 
continued  even  if  demand  decreases,  as  it  is  important  to 
monitor  the  long-term  success  of  this  project. 

5 . 2  Community  College  "   UniversiCy  Incerface 

The  Community  Colleges  are  proving  Co  be  a  very  important 
factor  in  the  flow  of  engineering  students.   Tliere  is  some 
confusion,  however,  because  che  engineering  colleges  of  Che 
state  give  out  different  recommendations  on  curriculum.   In 
some  cases,  they  expect  Che  CommuniCy  Colleges  Co  rigidly 
follow  Che  first  two  years  of  Cheir  own  curriculum,  even  Chough 
Che  first  two  years  are  not  identical  at  Che  various  colleges. 
Ic  seems  unrealiscic  Co  expect  Chac  Che  chree  ScaCe  engineering 
programs  will  agree  on  a  common  curriculum,  but  Chese  colleges 
should  be  more  flexible  in  accepcing  sCudenCs  from  programs 
wich  curriculum^  chac  are  noc  in  compleCe  conformance  wich  Cheir 
own.   The  Communicy  Colleges  also  expressed  che'  desire  chac 
engineering  colleges  be  of  more  assisCance  in  Che  professional 
development  of  Coamunlcy  College  faculcy.   This  could  Cake  Che 
form  of  visicing  professoral  appoinCmenCs  for  periods  of  a 
semesCar  or  a  year,  while  che  Communicy  College  professor  is  on 
leave  from  his  o\/n  insciCuCion.   Remission  of  Cuicion  Co 
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Community  College  faculty  taking  a  course  to  improve  their 
capability  should  also  be  considered.   Articulation  agreements 
should  be  formalized  with  the  various  Community  Colleges, 
recognizing  that  each  Community  College  has  different 
capabilities.   Some  may  only  give  the  math  and  science 
required;  others  may  have  a  few  engineering  courses,  in 
addition  to  the  math,  and  science;  and  a  few  the  complete 
offerings  for  the  first  two  years  of  an  engineering  program, 
including  all  mathematics,  science,  and  engineering  courses 
required.   To  provide  greater  uniformity,  the  engineering 
colleges  should  consider  offering  more  video-taped  engineering 
courses  for  the  lower  level  engineering  courses.   A  State-wide 
effort  in  this  direction  would  greatly  improve  the  quality  of 
the  students  transferring  from  the  Community  Colleges  to  the 
three  engineering  colleges. 

5.3  Educational  Delivery  Systems 

Tnere  exist  several  interesting  possibilities  for  cooperation 
in  the  delivery  of  engineering  education. 

5.3.1  State  Television  Network 

With  the  establishment  of  Massachusetts  Corporation  for 
Educational  Television,  consideration  should  be  given  to  a 
cooperative  effort  by  the  various  engineering  schools  of  the 
state,  both  independent  and  public,  of  offering  graduate  course 
programming.   It  would  be  possible  to  offer  courses  in  a  given 
area  by  the  professor  in  the  state  best  qualified  to  give  such 
a  course.   It  could  also  be  used  to  give  a  course  that  would 
normally  have  low  enrollment  to  several  campuses,  as  well  as 
many  industries,  at  the  same  time.   The  pooling  of  faculty 
expertise  and  the  sharing  of  low-enrollment  courses  would 
enhance  the  quality  and  provide  greater  subject  matter 
opportunities  for  the  students.   Such  collaboration  would  make 
the  best  professional  talents  and  the  most  dis tinguisn.ed 
scholars  available  to  serve  the  graduate  engineering 
educational  needs  of  industry.   Use  oc  the  state  netwoi'k  would 
permit  simultaneous  classroom  and  broadcast  delivery  to  remote 
sites. 

5.3.2  State-wide  Video  Tape  Production 

The  state  engineering  colleges  should  work  together  on  the 
production  of  video  tape  courses.   This  method  would  also  make 
the  best  teachers  available  to  the  largest  number  of  students. 
If  the  production  and  distribution  of  tne  tapes  were  centrally 
handled,  it  would  be  less  of  an  economic  burden  to  all 
concerned.   Several  of  the  schools  are  now  making  video  tapes 
for  their  own  use,  but  a  cooperative  effort  would  be 
advantageous  to  all  the  schools. 

5 .4  University  -  Industry,  Government  Interface 

There  are  a  number  of  opportunities  for  cooperation  and  these 
should  be  encouraged  by  Che  State  through  tax  relief. 
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5.4.1  Equipment  Donations 

While  industry  in  Che  state  has  been  very  active  in  assisting 
Che  colleges,  particularly  in  Che  compucer  area,  addicional 
help  is  sorely  needed.   Equipment  donations,  Cherefore,  should 
be  strongly  encouraged  and  tax   credits  should  be  allowed  for 
such  gifts.   This  should  apply  Co  software  and  maintenance 
contracts,  as  well  as  hardware. 

5.4.2  Fellowship  Sunoort 

Fellowships  are  of  crucial  importance  to  the  various 
engineering  schools  in  offering  financial  aid  to  graduate 
students.   Because  of  Che  faculcy  shortage,  addicional 
doccorates  are  needed  in  all  engineering  fields.   No  expansion 
is  possible  without  a  sceady  flow  of  qualified  doctorates  Co 
enter  ceaching  and  indusCry.   Support  for  graduate  students  is 
essential. 

5.4„3   Joint  Research  Projects 

There  is  an  excellent  opportunity  to  increase  Che  bond  between 
industry  and  universicies  by  virtue  of  joint  research 
projects.   This  would  bring  timely  and  important  projects  to 
Che  educacional  inscicucions ,  provide  support  for  students,  and 
provide  industries  wich  information  pertinent  Co  Cheir  missions 

5.4.4    InformaCion  Exchange 

A  cooperacive  effort  is  needed  at  Che  staCe  level  Co  obtain 
information  on  degrees  granted,  placement  of  students,  and 
present  and  future  demand  for  engineers  by  ScaCe  indusCries. 
BeCCer  information  is  needed  Co  enable  Che  Scaca  Co  do  a  better 
job  of  projecting  long-cerm  supply-demand  models  for  Che  field 
of  engineering. 


CHAPTER  VI 
RECOMMENDATIONS 

6.1     Non  Institutional  Recommendations 

6.1.1  High  School  Mathematics  and  Science 

The  Board  of  Regents  should  take  steps  to  influence  the  quality 
of  pre-professional  academic  training,  including  strengthening 
science" and  mathematics  instruction  at  the  secondary  school 
level. 

6.1.2  Community  College  Engineering  Transfer  Program 

Appendix  C  discusses  the  community  colleges  and  includes  a 
number  of  comments  and  recommendations.   It  should  be  under- 
stood that  there  will  be  a  spectrum  of  programs  among  the 
various  community  colleges.   It  is  specifically  recommended 
that: 

All  Community  Collages  offer  two  years  of  mathematics 

beginning  with  calculus,  one  year  or  chemistry  taught  with 
laboratory,  and  one  year  of  physics  (based  on  calculus) 
taught  with  laboratory.   This  represents  minimal 
requirements  tor  Cranster  to  an  engineering  school  and 
students  should  be  informed  chat  approximately  three  years 
of  additional  work  will  be  needed  at  the  engineering 
school . 

Those  community  colleges  '^^ith  fairlv  large  engineering 
transfer  programs  should  orfer  some  engineering  courses  If 
it  is  possible  to  do  so  given  their  available  resources  to 
do  so .   These  courses  should  be  designed  to  integrate  into 
the  engineering  program  at  the  school  selected  by  most  of 
the  engineering  transfer  students.   Such  courses  should  be 
offered  only  if  qualified  faculty  are  available  to  teach 
them  and  suitable  facilities  (including  equipment)  are 
available.   Courses  should  offered  only  if  quality  is 
high,  as  the  student  is  ill-served  and  ill-prepared  if  the 
engineering  (and  science)  courses  are  not  of  good  quality. 

.  Those  community  collages  with  large  numbers  of  engineering 
transfer  students  and  with  suitable  resources  snould  ofier 


level  as  found  at  accredited  engineering  schools.   Only 
Northern  Essex  and  Springfield  Technical  Community 
Colleges  currently  can  be  placed  in  this  category. 
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Individual  program  reviews  completed  by  the  community 
colleges  emphasize  the  special  needs  of  each  program. 
Those  colleges  with  engineering  transfer  programs, 
particulary  Northern  Essex  and  Springfield's  should  be 
encouraged  to  include  specific  requests  in  their  FY' 36 
budget  submissions.. 

6.1.3  State  Colleges 

It  is  recommended  that  all  State  Colleges  develop  strong 
mathematics  and  science  programs.   These  programs  provide  the 
foundation  tor  further  course  work  in  technological  fields,  and 
are  apropriate  to  the  mission  of  baccalaureate  degree  granting 
institutions.   Until  such  time  as  Massachusetts  can  support  its 
existing  public  colleges  of  engineering  adequately,  no  state 
college  should  be  permitted  to  plan  programs  in  engineering 
areas . 

6.1.4  State  Universities 

There  are  a  number  of  common  characteristics  among  the  State- 
supported  engineering  schools.   These  are  discussed  in  Appendix 
A.   These  comments  and  recommendations  are  to  be  considered  as 
an  integral  part  of  this  report.   Specific  recommendations 
about  each  of  these  institutions  will  be  made  in  part  6.2  of 
this  chapter.   Some  general  comments  follow.   Praise  should  be 
given  to  the  faculty  and  administrators  for  their  dedication  to 
engineering  education  at  their  respective  institutions.   They 
are  working  under  difficult  conditions  due  to  overloading  and 
lack  of  resources.   Union  contracts  make  it  difficult  to 
properly  reward  faculty  for  very  meritorious  performance. 
Enhancement  of  engineering  faculty  salaries  is  needed  to  be 
more  competitive  with  industry  and  other  universities. 
Equipment  is  obsolete  and  inadequate  and  major  appropriation  is 
needed  to  "catch  up"  with  minimum  needs  for  quality  education. 
Annual  appropriations  of  a  greatly  increased  amount  are  needed 
to  provide  for  equipment  purchases,  so  that  the  colleges  can 
keep  up  with  rapidly  changing  technology.   The  Board  of  Regents 
should  administer  these  funds  to  insure  that  they  are  spent  in 
engineering  and  not  diverted  to  other  fields. 

Additional  facilities  are  needed  to  overcome  the  crowded 
conditions  at  several  schools.   Some  renovation  funds  snould  be 
immediately  appropriated  and  a  study  should  be  initiated  to 
determine  the  long-term  plans  for  facilities  at  each 
institution.   New  buildings  are  needed  on  some  campuses,  but 
the  planning  is  not  far  enough  along  on  the  various  campuses  to 
commit  to  a  plan  at  this  time. 

Additional  support  staff  is  needed  at  both  the  secretarial  and 
professional  technical  level.   Funds  for  maintenance  of 
facilities  and  equipment  are  also  badly  needed.   On  most 
campuses,  computing  and  library  facilities  also  need 
upgrading.   Specific  recommendations  for  each  of  the  campuses 
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are  given  in  Section  6. 
are  as  follows: 


but  some  general  recommendations 


A  special  fund  of  $10,500,000  should  be  set  up  to  be 
administered  by  tlie  Board  of  Regents  tor  the  immediate 
purchase  of  equipment  in  the  engineering  scaools. 
purchases  are  detailed  in  Section  6.Z  by  specific 
institution. 


These 


An  equipment  fund  should  be  set  up  for  the  continuing 
updating  ot  laboratory  equipment.   A  minimum  amount  of 


$2,500,000  per  year  is  needed.   Details  by  institution  are 


given  m  section 


"o .  2 . 


A  facilities  study  should  be  initiated  to  determine 
long-range  needs  tor  new  buildings,  but  an  immediate 
allocation  of  33,000,000  is  needed  for  renovation  of 
sub-standard  space. 


Enhancement  of  faculty  salaries  is  needed  to  be 
competitive  with  other  engineering  schools  and  industry. 
It  is  estimated  that  a  minimum  of^500,0(J0  is  needed  for 
tnis  correction. 


The  universities  should  work  with  the  unions  to  permit 
more  flaxibllity,  so  chat  pRcformance  can  be  properly 
rewarded .  ' 


Provisions  should  be  made  for  adding  professional 
technical  start  and  secretarial  help," as  universities  are 
woeiully  understaffea  at  the  present  t ime . 

Computing  facilities  and  equipment  snould  be  upgraded  and 


better  = 

iccess  orovided  for 

faculty 

and  3 

tuaents . 

Librarv 

allocations  should 

be  increased 

to  overcome 

present  inadequacies. 
Maintenance  funds  should  be 

increased  to 

properly 

take 

care  ot  equipment 


6.1.5    Independent  Universities 

III*  I 

The  independent  institutions  are  a  great  resource  to  the  State 
of  Massachusetts  and  every  effort  should  be  made  to  continue 
and  to  increase  the  cooperation  between  the  independent  and 
public  sector  insitutions. 


of 


The  independent  institutions  should  keep  the  Board 
Regents  Inrormed  as  to  Cheir  long-range  planning. 
particularly  important  in  programmacic  areas.   TTTe 
independent  institutions  snould  also  be  kept  informed  by 
the  Board  of  Regents  of  the  planning  of  tae  state 
universities.   Long-range  planning  for  both  sectors  will 
thus  be  enhanced . 


Tn i s  is 
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Independent  universitias  should  work  aore  closely  vjtn 
other-  engineering  scaoois  uhere  such  cooperacion  is  lor 
the  common  ^ood.   This  appears  particularly  evident  in 
delivery  ot  graduate  education  programs . 

6.1.6  Q££-campus  Delivery  Systems 

Graduate  engineering  education  is  a  very  important  component  of 
the  needs  of  industry.   As  such,  a  cooperative  effort  of  a 
number  of  engineering  schools  may  yield  far  greater  benefits 
than  those  realized  by  the  institutions  acting  independently. 
It  is  therefore,  recommended  that: 

There  should  be  established  a  committee  of  the  leaders  of 
the  engineering  schools  and  representative  industries  to 
explore  this  problem  and  seek  possible  solutions. 
Consideration  should  be  given  to  cross-listing  of  courses 
by  the  various  institutions.   Such  cross-listed  courses 
might  be  given  by  video  tape  or  live  television.   The 
State  television  network  should  be  considered  as  having 
great  potential  to  help  in  the  delivery  of  graduate 
programs.   It  is  obvious  that  the  quality  of  graduate 
programs  would  be  improved  by  having  the  best  teachers  and 
the  best  delivery  systems  available. 

6.1.7  Tax  Incentives 

Because  of  the  great  needs  in  engineering  education,  the  State 

should  do  everytning  possible  to  lacilitace  gifts  by  private 

industry .   These  may  take  the  form  of  tax  incentives  and  should 

cover  contributions  of  money,  equipment,  software,  and 
maintenance  contracts . 

6  .  2     Institutional  Recommendations 

While  the  general  needs  were  discussed  in  the  previous  section, 
the  needs  specific  to  individual  institutions  are  given  in  the 
following  section. 

6.2.1   University  of  Massachusetts  -  Amherst 

The  Board  of  Regents  should  be  careful  not  to  let  quality  at 
this  institution  erode.   The  university's  goal  is  to  seek 
national  prominence  and  the  Board  should  support  this .   The 
College  proposes  to  increase  the  quality  of  its  undergraduate 
program,  but  to  put  major  emphasis  on  graduate  study  and 
research  programs.   This  effort  should  be  supported.   It 
appears  that  the  Engineering  College  has  not  received  an 
adequate  portion  of  che  resources  supplied  to  Che  campus. 
Continued  monitoring  by  the  Board  of  Regents  is'  essential  to 
assure  the  goals  of  rhe  Collage  are  met.   Specific 
recommendations  are  as  follows: 

$4,500,000  should  be  pcovided  from  a  fund  administered  by 
the  Board  o  i:  P.egencs  Eor  the  purchase  or  equ-pment  needed 
to  catch  uD  %Jtch   aininum  needs.   This  is  detaiiea  m  TaoTe 
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Annual  equipment  allocations  for  the  College  should  be  a 
minimum  ol:  :jl,lQQ,OQQ.  The  basis  for  this  is  also  '""^  " 
in  Table  b-1. ~~" 


given 


A  detailed  study  o£  long°range  space  needs  should  be  made 
to  determine  net/  building  needs.   An  immediate  allocation 
shoulv 
square 

electrical  and  computer 


be  made 
:eet  of  space 


Additions  to  faculty  (particular'  ,    

engineering)  should  be  provided. 

Funds  are  needed  to  provide  for  faculty  salary 
enhancement,  additiona" 


start,  library  and 


computer  up-grading,  and  better  maintenance  of  equipment. 
6.2.2   University  of  Lowell 

.    I  ^  -  - 

The  Board  of  Regents  should  support  the  president's  efforts  to 
further  improve  the  quality  of  engineering  education.   The 
present  historical  basis  for  funding  should  be  reevaluated,  as 
Lov/ell  receives  less  per  student  than  other  public  universities 
that  have  a  proportionately  smaller  number  of  engineering 
students.   Specific  recommendations  follow: 

The  overall  funding  should  be  improved  by  correcting  the 
historical  base. 


$4,100,000  should  be  provided  from  a  fund  administered  by 
the  Board  of  Regents  for  the  purchase  of  equipment  needed 
to  catch  UP  uith  minimum  needs .   This  is  detailed  in  Table 

^^i: — — 


Annual  equipment  allocations  for  the  College  should  be  a 


minimum  of  ^1,0QQ,QQQ 
in  Table  6-1 


ihe  basis  for  this  is  also 


a  ■ 
o  ■ 


.ven 


A  detailed  study  of  long-range  space 

needs  should  be  made 

to  determine  new  building  needs.   An 

irnmpd1^r,=»  al,  loo^rinn 

of  31,500,000  should  be  made  for  the 

renovation  of  60,000 

square  teet  of  space. 

Additions  to  the  faculty  are  needed.   At  the  present  time, 
slots  are  not  available. 

Funds  are  needed  to  provide  for  faculty  salary 
enhancement,  additional  support  staff,  librarv  and 
computer  up-grading,  and  better  maintenance  or  equipment. 


should  be 


given 


to  Initiate  the  Doctor  of 


Approval 

Engineering  program" in  Electrical  and  Mechanical 
Engineering ■   Progress  in  Che  program  should  be  monitored 
and  outside  reviewers  should  evaluate  progress  after  two 
years . 
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6.2.3   Southeastern  Massachusetts  University 

The  Board  of  Regents  should  support  the  institution's  increased 
efforts  to  supply  Master's  level  engineering  education  Co 
employed  engineers.   It  is  recommended  chat: 

Authorization  for  the  Ph.D.  degree  be  delayed  until  the 
Master  of  Science  in  Electrical  Engineering  degree  is 
truly  viable  and  more  mature. 

$1,050,000  should  be  provided  from  a  fund  administered  by 
the  Board  of  Regents  tor  the  purchase  of  equipment  aeeded 
to  catch  up  with  minimum  needs.   This  is  detailed  in  laole 


nnual  equipment  allocation  for  the  College  should  be  a 
inimum  of  $277,500.   The  oasis  for  chis  is  also  given  i 


Space  needs  will  be  met  by  a  new  building  presently 
underway.   This  will  fragment  Engineering  into  several 
locations.   Consideration  should  be  given  to  a  plan  that 
would  minimize  chis  fragmentation. 

Some  additional  faculcv  are  needed,  but  Chis  has  been 
partially  correctedToy  a  renistribution  ot  resources. 

Funds  are  needed  Co  provide  for  faculcy  salary 
enhancement,  additional  support  staff,  library  and 
computer  up-grading,  and  better  maincenance  of  equipment. 

6.2.4   Massachusetts  Maritime  Academy 

The  Board  of  Regents  should  support  Che  continuation  of  the 
non-accredited  Master  of  Science  in  Marine  Engineering  degree. 
It  is  recommended  that: 

A  contingency  plan  be  developed  Co  include  vessel-sharing 
with  other  similar  institutions  and  Co  develop  a 
shore-based  facilicv  as  a  substicute. 


$750,000  should  be  provided  from  a  fund  adminiscered  by 
the  Board  of  Regents  for  the  purchase  of  equipmenc  needed 
to  catch  UP  wich  minimum  needs.   This  is  detailed  in  Table 
6-1 .   This  equipment  is  needed  for  the  non-maricime 
laboracories . 

Annual  equipment  allocations  for  Che  College  should  be  a 
minimum  of  $187,500.'  The  basis  for  Chis  is  also  given  in 
Table  6-1 . 

Addicional  professional  Cechnicians  are  needed  Co  support 
the  laboracories.  ""      ~ 


-48- 

6.2.5  University  o£  Massachusetts  "  Boston 

The  Board  of  Regents  should  continue  to  suport  the  Engineering 
Collaborative  Program,  monitoring  it  for  its  long-term  effect. 
In  addition,  it  is  recommended  that: 

The  institution  should  be  permitted  to  initiate  the 
Bachelor  o£  Science  in  Engineering  Physics  program,  once 
it  has  provided  evidence  ot  both  the  demand  by  industry 
for  its  graduates  and  tne  interest  of  students  in  tne 
program. 

6.2.6  Fitchburg  State  College 

The  Board  of  Regents  should  continue  to  encourage  the 
improvement  of  mathematics  and  science  at  the  college,  but  it 
is  recommended  that: 

Approval  not  be  given  for  the  initiation  of  either  the 
Bachelor  ot  Science  in  Electrical  Engineering  or  the 
Bachelor  of  Science  in  Mechanical  Engineering  degrees. 

6.2.7  Salem  State  College 

The  Board  of  Regents  should  contimie  to  encourage  the 
improvement  of  mathematics  and  science  at  the  college,  it  is 
recommended  that: 

Approval  no_t  be  given  for  the  initiation  of  either  the 
T^achelor  of  Science  in  Civil  Engineering  or  the  Bachelor 
of  Science  in  Computer  Engineering.         "         '~~'     — — — ~ 


6.2.8   Westfield  State  College 

The  Board  of  Regents  should  continue  to  encourage  the 
improvement  of  mathematics  and  science  ac  the  college,  it  is 
recommended  that: 

Approval  not  be  given  for  the  initiation  of  either  the 
Bachelor  ot  Science  in  Microcomputer  Applications 
Engineering  or  the  Bachelor  of  Science  in  Microelectronics 
cngmeerxng . 


6.2.9   Roxbury  Community  College 


The  Board  of  Regents  should  support  the  upgrading  of 
mathematics  and  science  and  the  institution's  goal  touard 
offering  courses  applicable  to  the  first  two  years  of 
engineering.   It  is  recommended  that: 

The  College  should  offer  two  full  vears  of  mathematics, 
beginning  with  calculus ,  one  year  o£  chemistry  taught  with 
laboratorv   and  one  year  of  ohvsics  (based  on  calculus) 
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taught  with  laboracory. 

Funds  should  be  provided  to  adequately  scaff  Che  above. 
Funds  should  be  provided  for  adequate  laboratories 


associated  with  the  science  courses . 
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Appendijc  A 
Reports  -  Public  Institutions 


2JCINSEHING  SEXCATIOI  IN  "^E  ^UBLICLY- 

3UPPQRIED  r^JsrnunoMS  as  ;MA3sxs[jScTr3 

1.  During  a  tina  when  engineering  is  a  popular  career  ctoica  of  university 
students,  '.when  faculties  of  existing  prograirs  are  hard-pressed  133  cope  with 
overcrowded  classes,  and  when -there  are  predictions  of  a  shortfall  in  sorae 
disciplines  of  engineering  Mffipower  for  industry  important  to  the  econonty  of 
Massachusetts,  there  is  a  tendency  by  seme  to  view  the  creation  of  new 
engineering  schools  as  the  answer  to  these  problans.     It  is  reocnrnended 
strongly  that  the  i^ents  resist  this  approach  as  taing  unsound  both  acononi- 
cally  and  educaticnally. 

What  rtx3St  proponents  of  the  "create  a  new  school  of  engineering"  approach 
fail  to  understand  is  that  aside  fron  the  very  substantial  cirst-cost  of 
creating  a  new  engineering  program  (for  which  qualified  faculty  are   in  '^ry 
short  supply) ,   the  maintenance  of  truly  high-quality  engineering  educatioi  is 
equally  as  expensive  as  'jood  aedical  education,     Massachusetts  dees  not  r^eed 
new  engineerLng  colleges — it  does  need  to  c3o  a  better  job  of  supporting  the 
ones  it  has.     Given  the  resources  to  do  so,   the  existing  programs  ire  perfect- 
ly capable  of  supplying,   in  concert  with. the  private  institutions,   the  needs 
of  the  CoaacRwealth  for  quality  engineering  rianpcwer. 

2,  Squipcnent  for  undergraduate  teaching  laboratories  in  engineering  is 
sub;iect  to  rapid  obsolescence  and  is  'v^ry  expensi'^.     The  state  'nas  not  ^ne  a 
good  job  of  providing  the  resources  necessary  to  l^eep  those  laboratorias 
reasonably  up-to-date  with  the  result  that  most  are   in  dire  need  of  equic^ncnt 
replacement.     It   is  reccrnnended  that  a  [nore  realistic  equipment  budget  'r:G 
developed  by  the  Regents  for   the  four  institutions  in  question  to  address  this 
special  need.     There  is  no  nationally-accepted  figure  cn  the  level  of  expen- 


diture  ceqairad  for  quality  latoratoty  inatructicn,  ^t  studies  by  individual  • 
institutions  and  consortia  of  universities  have  produced  estimated  aimual 
equigoent  ceplacsment  needs.     One  such  study  suggests  the  ne^  for  an  expen- 
diture of  $l,SOQ/year  per  3S  graduate  to  keep  engineering  labs  current*     It  is 
proiaably  r»t  reasonaiaie  to  assune  that  the  stats  '.*ill  increase  its  funding  for 
instructional  labaratory  equipment  in  engineering  to  that  level  in  the  short 
terra.     >^hat  does  appear  reasonable,   though,  and  it  is  reoctnmended  that  the 
Regents  consider  this  approach,   is  a  budget  which  includes  engineering  equip- 
rent  fmds  at  about  cne- third  to  cne-half  this  level  in  additicn  to  current 
equipment  funds  received  by  the  universities,  coupled  with  the  expectation 
that  the  institutions  inake  better  use  of  the  funds  now  allocated  for  equignent 
and  that  the  engineering  colleges  continue  and  expand  their  efforts  to  attract 
e<^ijnient  gifts  from  the  private  sector. 

3.    Engineering    undergraduate  enroll-sents  have  iTvsrs  than  doubled  nationally 
over  the  past  decade,  '^ile  the  nunber  of  faculty  positions  has  only  increased 
about  12  percent.     Itoughly  3  percent  of  the'  authorized  positions  are  unfilled 
for  lack  of  qualified  applicants.     The  result  of  this  disparity  in  growth  of 
student  body  and  faculty  is  severe  overcrowding  of  engineering  classrccras,   and 
Massachusetts  is  no  exception  to  this  national  phenomenon.     There  is  need   for 

» 

additional  engineering  faculty  lines  in  tiie  budgets  of  each  of  the  insti- 
tutions 'With  the  excepticn  of  the  Maritime  Academy.     The  need  is  not  Laiifomly 
spread  across  the  engineering  disciplines,   heaver,   so  each  discipline  should 
be  required  to  document  its  degree  of  overcrov/ding  and   its  need   for  .-nore 
faculty  to  maintain  quality.     ;\s  noted  eisewht^re,   the  institutions  have  dif- 
fering degrees  of  difficulty  in  attracting  faculty,   so  the  overload  problem 
will  not  necessarily  be  solved  uTinediately  with  allocation  of  new  positions. 
Exports  'were  received  'ay  the  visiting  team  of  scrae  difficulties  in  recruiting 


due  to  lack  ci  a  firm  cDnroitnient  that  a  position  was  available  'jitil  ',^11  into 
the  recruiting  ococsss,  '.'fhether  this  is  a  local  situation  or  ons  which  occurs 
statewide  was  rot  clear  but  in  any  event  any  additional  obstacles  in  an 
already  difficult  recruiting  situation  should  be  removed, 
4.   During  the  cast  fifteen  years  the  mmber  of  accredited  snt^ineering 
schools  in  the  nation  has  increased  from  roughly  ISO  to  250,  and  the  nanber  of 
new  doctoral  programs  has  grown  at  almost  the  sane  pace.  Icate  of  the  graduate 
prograna  are  doing  '.^11*  .itany  are  still  struggling  to  get  the  resources  and 
the  student  population  rsquired  to  .Tcunt  a  viable  program.  It  is  against  this 
baclcdrop  that  the  suggestions  are  made  in  the  text  regarding  the  two'  proposals 
for  new  engineering  doctoral  programs. 

In  the  SU  case*  the  suggestion  is  that  a  more  active  and  productive 
^   program  be  developed  before  the  PhD  proposal  is  pursued.  For  the  Lowell 
proposal,  it  is  suggested  that  the  decision-making  process  'ra  rooted  in  unpar- 
tial  academic,  financial  and  demand  analyses.  .\nd  whatever  the  decision 
regarding  new  programs,  it  slxjuld  be-  remembered  that  UT'Iass  -  Amherst  has 
relatively  mature  ?hD  programs  in  engineer ihg,  seme  of  which  if  properly 
nurtured  have  the  potential  for  national  orcminance. 


3CXJTHSAST2RI  :-iaj3AC-!U32Tr3  U^TTTE^nY 

Enginefifii^  students  acosunt  foe  appcoximately  twenty  cercsnt  of  tlis' 
anroilfflent  at  S-U.  The  engineering  scogrants  are  an  integrated  ccmbinaticn  ac 
engineering  and  engineering  technology  offered  by  a  common  cacuity. 

Znqineering  and  Zn'^ineering  Tsghnology  Programs 

The  33  degree  is  offared  in  five  engineering  disciplines— civil,  elec- 
trical, jiechanical,  oomcuter  and  oonstruction  engineering.  The  latter  t.xi   are 
relatively  recent  additions  and  are  offared  by  the  same  facalties  rescectively 
as   electrical  and  civil  engineering. 

Four-year  programs  leading  to  the  33  degree  are  offared  in  electronic 
engineering  technology  and  rr»echanical  engineering  technology.  As  noted 
earlier  these  ara  offared  by  the  faculties  o^  electrical  and  -nechanical  engi- 
neering. 

The  oambined  enrolLT.ent  in  engineering  and  engineering  tachnolcgy  is 
approximately  1,200  students,  with  engineering  accounting  for  about  two'thirds 
of  these.  Combined  33  degree  production  during  the  cast  year  was  L39, 

At  the  graduate  level  only  one  degree  is  offered,  the  "G  in  Zlectricai 
engineering.  There  are  currently  30-40  students  enrolled  in  the  program,  of 
whan  ten  are  full-time.  Six  >G  degrees  were  granted  in  1932-33. 

Supcorting  Services 

Staff:  The  30  facjlty  .T.embers  in  the  College  of  engineering  have  three 
secretaries,  with  the  faculty  of  electrical  and  Computer  engineering  alone 
having  one  secretary  cor  17  faculty.  Technician  help  is  in  equally  short 
supply  with  three  technicians  to  take  care  of  the  equiorient  repair  and  Ln.'^tal- 
lation  for  laboratories  and  computer  facilities  for  the  entire  College,   'ome 
relief  has  been  effected  for  the  overloaded  faculty  by  providing  teaching 


assistants  for  grading  help  using  funds  nade   available  by  a  540/3tudGnt  Lai»- 

catory  *e«-  ■ 

Library:  3MJ  is  still  in  the  stage  of  developing  a  f'oll-scale  university 

library  fron  the  canbined  libraries  of  the  b>o  ptedecsssor  institutions.  To 
raove  frcm  a  technical  institute  collection  to  one  which  can  serve  the  needs  of 
an  engineering  school  requiring  upper-level  and  graduate  resources  requires, 

in  sdditicn  to  the  usual  foraula  finding  for  an  established  library,  a  cericd 
of  special  f-unding  which  the  SI-O  library  has  not  received.  The  institution 
supplenented  its  library  budget  internall/  tiiis  year  'sy  taking. $30,000  from 
the  supply  budget. 

Computers:.  Computer  service  and  facilities  at  3MJ  are  not  yet  adequate 
for  the  engineering  programs.  The  situation  could  be  inproved  considerably  if 
approxrnately  LOO  terminals  and  a  'AX  730,  delivered  sane  six  .-npnths  ago, 
'^uid  be  installed  and  cut  into  service  without  further  delay.  It  will  'ce 
difficult  for  the  University  to  recruit  qualified  faculty  into  an  atmosphere 
of  inadequate  canputer  services. 

Perceived  Strenqths  and  'Weaknesses 

Strengths  of  the  engineering  programs  incl'jde  (1)  a  iTcdern  physical 
plant,  (2)  the  rnove  by  current  central  administration  to  effect  seme  reallcr- 
caticn  of  resources,  (3)  seme  improvement  in  allocation  for  instructional 
laboratory  equignent  during  past  tvo  years,  although  not  sufficient  to  rneet 
critical  needs,  (4)  good  integration  of  engineering  and  engineering  technology 
programs  with  a  faculty  -under  single  inanagcinent,  (3)  present  efforts  to 
LTiprove  industrial  ties  and  strengthen  the  .'13  program,  '(5>  gccd  laboratory 
space,  and  retention  in  the  face  of  enrolLnent  pressures  of  a  viable  labo- 
ratory squad  size  for  affacti'v-e  laarning,  (7)  strong  cctrmitment  of  the  faculty 
to  class rccm  teaching. 


Sane  areas  of  ooncsrn  are:     (1)   no  merit  salary  moiey  available  in  the 
salary  budget 'to  reward  outstanding  serfaraance,    (2)   heavily  Loaded  faculty 
resulting  in  excessively  large  classes  at  the  upper'  division  Level  in  several 
disciplines,    (3)  difficulty  in  attracting  qualified  faculty,  although 
beginning  salaries  are  oompetitive,    (4)   seme  use  of  pcctnotion  to  effect  salary 
increiase,    (3)   reported  decrease  in  quality  of  entering  freshman  class  in  the 
fall  of  1933,    (6)   lack  of  installation  by  University  of  computer  facilities 
which  v;ere  delivered  in  the  sunrter  of  1033, 

Program  Directions 

Present  plans  both  at  the  Collage  and  aniversity  levels  are  cor  special 
snphasis  in  Electrical  and  Ccmputar  Engineering  to  match  the  principal  indus-- 
trial  fceus  of  Lha  region  and  the  Ccnroonwealth.  Good  efforts  are  currently 
underlay  to  create  stronger  ties  with  the  industry  of  the  region  to  increase 
participation  in  the  M3  program  offered  'cy  Electrical  and  Computer 
Engineering,  the  only  graduate  program  in  the  College.  The  College  has  also 
proposed  that  this  department  'oe  authorized- to  offer  tiie  PhD  degree. 

.\lso  in  the  plans  of  the  College  of  Engineering  ore  continued  efforts  to 
unprove  funding  for  instructional  equipment  and  for  additional  faculty  posi- 
tions  to  bring  teaching  loads  to  a  level  consistent  with  quality  education. 
And  the  College  anticipates  relief  frcm  overcrowding  In  some  disciplines 
through  the  acquisition  of  space  in  a  new  classrccm  building  to  be 
constructed. 

Corments  on  Plans: 


The  proposed  aTidiasis  on  olGCtricol  3nd  computer  engineering  appear. ■? 
appropriate  in  the  present  climate.  There  is  considerable  potential  for 
growth  of  the  IV2   program  as  a  service  to  industry  in  the  surrounding  area,  and 
current  efforts  to  expand  relations  with  that  industry  should  be  continued. 


with  cagard  to  ths  proposal  for  the  ?hD  degree,  it  is  the  opinion  of  the  ■ 
visiting  tear  that  such  a  nx3ve  is  orsnature  and  that  further  consider ation  06 
the  proposal  should  te  delayed  intil  it  can  be  densonstrated  that  there  is 
capacity  and  danand  for  a  truly  viable  ^S  program.  This  cecamendation  is  not 
predicated  on  whether  the  faculty  in  the  Deportment  oc  Electrical  and  Cooputer 
Engineering  has  the  nviabers  and  the  Level  of  experience  in  research  and 
scholarship  to  offer  th^  PhD.  We  assuae  that  ccnmon  practice  '^uid  'ce 
followed  of  bringing  in  a  tesm  of  experts  in  the  discipline  to  judge  the 
capabilities  of  the  prlTiary  and  supporting  departnents  to  offsf  the  degree. 
Rather,  the  recaixnendaticn  reflects  the  fact  that  the  College  is  struggling 
under  very  difficult  funding  and  staffing  conditions  to  rnaintain  the  quality 
of  its  undergraduate  programs  and  its  single  ^G  program,  raking  an  excursion 
into  PhD  production  at  this  time  appear  ill-advised,  .  • 

TiTe  administration  of  the  University  is  to  'oe  cannended  for  rscent 
efforts  to  preserve  the  equi^nent  'oudget  'cy  reducing  its  use  for  cart- time 
faculty,  and  for  its  plans  to  reallocate  positions  made  available  through 
attrition.  These  have  helped  the  Collage  of  Engineering  address  in  part  the 
problems  of  obsolete  equinnent  and  inadequate  ^acuity  numbers,  but  the  current 
University  budget  for  these  items  does  not  make  possible  a  totally  internal 
soluticn  Co  the  problsns  which  will  allow  the  College  to  preser^/e  the  quality 
of  angineering  and  engineering  tech-nolcgy  aducation. 


'^JI^^^ps^rr  of  La/ox 

The  University  of  Lowell  offers  a  broad  array  of  engineering  programs  at 
the  3.3  and  .MS  level  plus  evening  programs  leading  to  the  33  in  engineering 
technology  in  several  disciplines. 

Engineering  and  Engineering  Technolog'/  Programs 

The  33  degree  is  offered  in  chemical,  civil,  electrical,  mechanical, 
nuclear  and  plastics  engineering  plus  an  option  in  paper  engineering  within 
chemical  engineering,  ZnroLL^ent  in  those  programs  is  approximately  3,000, 
and  -iS5  33  degrees  -v^re  confarrsd  in  1982-83. 

Mine  programs  are  offered  leading  to  the  M.3  in  ^gineering.  These  are  in 
chemical,  civil,  computer,  electrical,  mechanical,  energy,  paper,  systems  and 
plastics  engineering.  These  programs  enroll  about  300  cTS  students  and 
granted  94  '/3   degrees  during  the  past  academic  /ear. 

Engineering  technology  33  degrees  are  offered  in  civil,  electronic,  and 
mechanical  tec.^xiolcgy,  all  in  the  evening  for  t.he  benefit  of  Iccal  industry, 
and  employing  a  separate  faculty.  T*^o-year 'Associate  degrees  are  also  offered 
in  these  disciplines  with  the  curricula  designed  for  easy  2  >  2  transition 
from  the  tvo-year  to  the  four-year  program.  These  programs  have  about  1,000 
stofents  enrolled  and  granted  45  33  and  34  Xs   degrees  in  1982-33, 

Supporting  Services 

'  Staff:  'vhile  technician  support  in  the  College  appears  to  bo  adequate, 
the  allocation  oc  one  secretary  per  department  'las  cGSulted  in  service  ■whic'i 
varies  from  marginal  in  the  smaller  departments  to  totally  inadequate  in 
larger  ones.  For  e.-^omple,  a  department  with  23  faculty  and  well  over  1,000 
students  is  obviouslv  in  reed  of  -roco   than  one  secretarv. 


The  situation  L-nproved  marJodly  during  the  past  year  with  regard  to 
teaching  assistants  wto  can  hei?  the  l acuity  with  grading  of  hcmev;or'<  in  the 
overcrowded  classes.  The .University  allccatad  $200,000  of  income  from  con- 
tinuing educaticn  programs  to  Zngineering  to  allow  hiring  of  a  substantial 
number  of  teaching  assistants. 

Library:  The  library  is  staffed  'oy  competent  professional  personnel  'vho 
understand  the  needs  of  engineering  and  engineering  technology.  Close  liaison 
with  the  engineering  -jnits  is  ir^intained  by  the  Director  of  the  Library. 

The  budget  for  the  library  is  insufficient  to  allow  it  to  -meet  the  needs 
of  Engineering  which  result  from  expanding  programs,  rapidly  changing  tech- 
nology and  escalating  costs  of  technical  'ccoks  and  periodicals.  Coupled  with 
this  general  problem  has  'ceen  another  caused  'cy  delay  in  allocation  of  the 
library  budget  which  results  in  delay  of  acquisition  of  those  materials  which 
can  be  added. 

The  University  is  coi-rrr.ended  for  the  public  service  activity  of  the 
library.  Continuing  expansion  of  the  "corporate  tr.embers"  group  should  provide 
additional  revenue  and  strengthen  f'urther  the  ties  with  the  industrial 
conraunity. 

Ccmputers:  Computing  services  at  Lowell  are  good  and  have  the  potential 
of  becoming  excellent.  The  "networking"  which  is  i^der^/ay  will  greatly 
benefit  students  and  faculty.  Plans  to  provide  each  faculty  (r.ember  with  a 
terminal  in  the  faculty  office  will  make  available  excellent  computing  power 
at  the  Iccal  level  and  slxjuld  result  in  improvod  integration  of  computer 
utilization  throughout  the  educational  program. 

Computer  center  personnel  are  'understanding  of  the  needs  of  engineering 
and  are  making  excellent  progress  in  meeting  tliose  needs.   Innovative 
financing  has  'ceen  deve laced,  and  olons  are  'jncerwav  to  seek  federal  suncort 


for  f'jrther  uiiprovement  of  computing  services,  Special  attention  has  'ceen 
given  to  tlie  use  of  canputer  facilities  in  teaching  design  methodology  to  all 
entering  engineering  students. 

Perceived  Strengths  and  Weaknesses 

Strengths  of  the  engineering  programs  include:   (1)  capable  and 
aggressive  university  leadership  which  is  taking  advantage  of  the  unique 
location  of  the  University  in  an   area  of  high  concentration  of  industry, 
(2)  creative  solution  of  laboratory  equignent  problems  through  industrial 
gifts  2nd  engineering  at'udent  fees,  (3)  enthusiasm  of  :nost  faculty  for  new 
directions  being  pursued,  (4)  acquisition  and  effect!'^  utilization  of  excel- 
lent computer  facilities,  (51  incanti^/es  for  faculty  research  through  substan- 
tial overhead  return  and  salary  anhancament,  (o)  provision,  through  income 
from  'Continuing  education  programs,  of  teaching  assistants  to  provide  seme 
relief  for  heavily  loaded  faculty. 

Seme  areas  of  concern  are:   (1)  continued  overload  of  the  faculty, 
(2)  limited  capability  to  award  merit  increase  in  salary,  (3)  lack  of  [Tovement 
by  faculty  in  seme  departments  to  adapt  to  changes  in  disciplinary  priorities, 
student  interest,  industrial  needs,  etc.,  (4)  lack  of  f'unding  '-^ase  for  the 
University  commensurate  with  an  enrolLmertt  which  is  401  engineering. 

Program  Directions 

The  College  of  Engineering  has  t*-vo  major  thrusts  which  it  is  pursuing. 
One  is  a  proposal  to  of  far  the  Doctor  of  Zngineering  degree  with  a  ;Tiajor  in 
£iny  of  the  currant  degree-granting  engineering  disciplines.  The  other  is  on 
effort  to  improve  the  funding  for  the  Collage  to  alla.v  the  hiring  of 
additional  faculty  (to  prevent  further  deterioration  of  the  quality  of  present 
programs)  and  to  provide  a  stable  equipment  iraplacsnent  2r\d   maintenance  budget 


to  complement  the  '.vork  that  lias  'ceen  done  to  acquire  equipment  through  Indus-  ■ 
trial  gifts  and  student  fees. 

Corroents  on  ?lans: 

The  Doctor  of  Engineering  procosal  has  the  advantage  of  enthusiastic 
support  by  the  faculty  and  of  endorsement  by  several  key  people  in  local 
industry  who  were  queried  by  the  President  regarding  the  idea.  The  general 
approach  of  providing  the  engineering  doctoral  candidate  with  a  research 
experience  which  is  much  rnore  applied  than  that  of  the  physical  scientist  is 

» 

of  course  not  new.  Several  engineering  schools  have  taken  this  orientation 
through  the  DEng  degree,  and  many  :T<ore  either  require  or  .Take  such  a  research 
project  possible  under  the  PhD  degree.  3o  the  question  is  not  whether  such  a 
degree  is  a  reasonable  idea  but  rather  whether  the  proposal  is  a  viable  one  in 
terrrs  of  the  quality  of  the  program,  financial  resources  and  student  interest. 
Several  actions  are  recommended  for  the  Regents  and  the  'Jniversity  which 
may  slew  down  the  decision  process  on  the  proposal  a  bit  but  which  '.vould  put 
it  on  much  firmer  ground  than  it  now  appears  to  'ce.  Tirst,  with  regard  to 
quality  of  the  degree,  the  usual  approach  by  a  university  in  proposing  a  new 
doctoral  degree  is  to  satisfy  itself  (and  the  state  or  trustees)  that  it  'ras 
the  faculty  with  appropriate  experience  and  credentials,  the  facilities  and 
the  financial  and  administrative  support  to  offer  the  degree.  This  is  'osuaLly 
done  by  bringing  in  seme  reoognized  experts  in  the  discipline  in  question  to 
give  an  independent  judgment.  In  the  case  of  the  Lowell  proposal  such  a 
process  has  not  been  followed.  Tlie  propoced  program  --vould  authorize  any  one 
of  the  disciplines  in  t/ie  College  to  grant  the  DEng,  so  it  seems  3vr;n  .rxcre 
important  that  some  independent  assessment  be  made  of  the  readiness  of  each  to 
offer  t.he  degree. 


Second,  with  regard  to  einancial  rasourcas  for  the  orocosed  DEng  program, ' 
it  should  be  determined  that  the  incremental  costs  are  'understood  and  will  be 
met  by  the  Ccrmonwealth  btafore  the  program  is  auti-orized.  Engineering  educa- 
tion at  Lowell  is  very  much  underfunded  nov/^  and  the  addition  o£  an  'onder- 
funded  doctoral  program  '>.ould  not  bring  credit  to  the  University  or  the   state. 

Finally,  it  does  not  appear  that  good  market  research  has  been  done  on 
the  potential  demand  for  the  program.  It  is  designed  to  serve  primarily  the 
full-time  resident  student,  and  except  for  the  most  prestigious  institutions, 
engineering  schools  across  the  nation  are  having  difficulty  attracting  enough 
(especially,  US   national]  students  to  mount  a  viable  graduate  program.  Lowell 
is,  oc  course,  in  a  favored  location  v;ith  respect  to- industry,  but  it  is  rjot 
clear  that  this  '^ould  produce  an  influx  of  DEng  students.  It  v^ould  be  useful 
for  the  Ilegents  and  the  "Jniversity  to  investigate  the  experience' of 
^'ortheastern  University,  which  offers  the  DCng  'under  a  sone'/zhat  different 
format  from  that  proposed,  to  see  if  any  inferences  can  be  drawn  about  student 
demand  for  the  proposed  program  at  Lowell. 

Turning  to  the  other  .najor  thrust  of  the  College,  improved  funding  for 
present  programs,  this  ccrapiements  efforts  by  the  ?re3ident  to  secure  more 
equitable  funding  per  student  for  Lowell.,  The  University  has  an  enrollment 
ccraposed  of  40  percent  engineering  students  compared  to  20  percent  and  10  per- 
cent respectively  at  3lU  and  UJlass  -  Amherst,  Given  the  fact  that  quality 
engLneering  education  is  more  expensive  than  .Tiost  other  undergraduate 
education  (and  in  fact  is  funded  differently  in  the  formula  budget  of  most 
states) ,  there  is  no  ioubt  about  the  need  for  improved  f'unding  at  Lowell  even 
if  the  Engineering  'College  were  not  facing  its  current  serious  problems  of 
maintaining  quality. 


UNr;EPSITY  OF  ;iAG3AC-IUoZIT3  -  ■\'-tHEIl?r 

Engineering  education  at  iJMass  -  Amherst  is  the  most  mature    (excluding 
engineering  technology)   of  that  Sound  in  the  publicly-supcocted  universities, 
Even  so,   it  has  a  relatively  recent  history,   35  years,  compared  to  that  of 
many  other  public  and  private  institutions  in  the  state  and  region, 

Engineering  ?roqrans 

The  university  offers   the  33  degree  in  five  'casic  engineering  disci- 
plines— chemical/  civil,  electrical  and  computer,    industrial  and  mechanical — 
and  had  2,372  undergraduate  engineering  students  enrolled  in  the  fall  term  of 
the  1933-34  academic  year.     33  degrees  granted  in  1932-33  numbered  512. 

The  College  of  Engineering  offers  a  full  range  of  graduate  degrees,  'IS 
and  PhD,   in  these  five  disciplines,   plus  the  .''IS  degree  in  engineering  manage- 
ment and  in  manufacturing  engineering  and  the  'IS  and  ?1?D  in  environmental 
engineering.     Current  graduate  student  enrollment  is  524,   and  the  university 
granted  101  J-IS  and  13  PhD  degrees  in  1982-33. 

research  activity  by  the  faculty  and  graduate  students  as  measured  in 
terms  of  dollar  volume  of  contracts  and  grants   is  moderate  but  has   increased 
by  roughly  one- third  during  the  past  f^o  years. 

Supporting  3ervices 

Staff:     Support  staff  for   faculty  in  the  engineering  departments   is 
extremely  ILmited,  particularly  in  view  of  the  heavy  enrollments  and  con- 
sequent  faculty  overload   in  most  departments.     "Secretaries,    technicians  znd 
teaching  assistants  are   in  short  supply.     Secretarial  and'  teacl::ing  assistant 
staff   is   roughly  the  sams  as   that  found  when  enrolLment  was  half   the  currant 
figure. 


Library:  The  physical  scisncs  and  engineering  library  has  a  professional 
staff  which  understands  the  needs  of  the  engineering  disciplines  and  gives 
appropriate  priority  to  their  requests  within  the  constraints  of  available 
funds.  The  budget  is  not  adequate'  for  the  needs  of  engineering  but  the  staff 
has  been  able  to  provide  reasonable  service  through  the  use  of  inter library 
loan  systems.  The  lack  of  a  consistent  budget,  even  if  insufficient  in 
amount,  has  been  a  severe  handicap  in  planning  cor  library  holdings.  Although 
engineer ixig  enrolLnents  have  doubled  over  the  past  decade  and  graduate  study 
and  research  has  gone  'jp  substantially,  all  increasing  engineering  'jse  of  the 
library,  the  size  of  the  library  staff  has  remained  constant  during  that 
period. 

Gdnputer:  Computer  services  and  facilities  are  gcod  and  Lmproving. 
Evidence  of  good  planning  for  the  future  appears  'university-wide  and  in  the 
College  of  engineering.  Computer  expenditures  per  itudent  appear  to  provide 
reasonably  good  support  throughout  the  University,  although  there  were  reports 
of  'queuing  problems  for  use  of  the  computer  in  undergraduate  instruction  in 
some  engineering  departments. 

The  expansion  of  CrtD/C^'l  instruction  in  engineering  with  the  acquisition 
of  the  n3M  gift  equipment  is  a  very  positive  asset.  Jiaintenance  and  opera- 
tional costs  for  this  equipment  will  of  course  place  an  added   burden  on  the 
meager  equipment  budget  of  the  College.  Of  special  note  are  the  cooperative 
attitudes  of  the  Director  of  the  Ccmpiter  Center  toward  engineering  and  the 
experiments  with  computer-aided  instruction  in  the  College. 


Perceived  Strengths  and  ".:ea!:r.es3GS 

Strengths  of  the  engineering  programs  include  (1)  a  .ccmipetent  and  dedi- 
cated faculty,  (2)  the  t!'.cu3t  o:  the  College  leadership  to  improve  tl-ie  posi- 
tion of  engineering  in  research  and  graduate  st'ody,  (3)  high  ranking 


I 


nationally  for  rapid  improvement  in  four  -disciplines  in  recent  ^C^3-^^AS  rating  ' 
of  graduate  programs,  (4)  ability  to  attract  'weli-qualified  faculty, 
(5)  success  of  capital  fund  drive  in  attracting  .Tiajor  oomputing  equipment 
gifts,  (5)  negotiation  of  agreement  for  purchase  of  personal  computers  for  use 
of  majority  of  faculty,  (7)  availability  of  :^ents  c3octoral  fellowships, 
(3)  developnent  of  video-tape  delivery  of  engineering  courses  for  off-campus 
instruction. 

jone  areas  of  ooncern  are:   (1)  An  instructional  laboratory  equipment 
budget  which  is  totally  inadequate  for  current  replacement  and 'maintenance, 
not  to  mention  catching  up  with  a  $3  million  shortfall  due  to  obsolescence, 
(2)  shortage  of- space,  and  of  quality  of  the  space,  for  instructional  labora- 
tories, (3)  severe  overloading  of  faculty  in  several  disciplines,  exacerbated 
by  the  lack  of  account  of  research  time  in  calculation  of  student/ faculty 
ratio  mandated  by  union  contract,  (4)  lack  of  opportunity  for  appreciable 
merit  reward  for  outstanding  work  by  faculty,  (5)  poor  morale  among  some 
faculty,  and  particularly  among  some  junior  members,  due   to  vorkload  and 
perceived  lack  of  attsnpt  by  central  administration  to  effect  reallocation  of 
resources,  (5)  lack  of  stability  in  leadership  positions  of  'university, 
(7)  lack  of  gccd  follavup  and  contact  with  graduates. 

Program  Directions 

Among  plans  for  future  directions  of  the  Collage  ore:   (1)  improvement  in 
quality  of  ijndergraduate  instruction,  (2)  some  modernization  of  'undergraduate 
instructional  laboratory  equinnent  through  imposition  of  a  special  fee  for 
engineering  students,  (3)  reduction  in  teaching  loads  to  account  for  differ- 
ences in  indergraduate  and  graduate  instruction,  research  activity  and  class 
size,  (4)  substantial  increase  in  research  activity  of  faculty  with  accom- 
panying increase  in  collar  ^TDl^jme  of  research,  ?hD  oroduction  and  ratio  of 


graduate  to  >Jider graduate  students  C5)  integration  of  csmcuter  utilization 
fehrougbout  curriculaa  of  aach  engineermg  discipline, 

Corroents  en  Plans:. 

The  stated  objectives  of  the  Collage  appear  to  be  attainable  over  tii-ne 
given  adequate  administrative  and  financial  support.  A  potential  coadblocit  in 
the  goal  of  increasing  faculty  involvement  in  research  is  the  lack  of  a 
clearly-defined  .-uethcd  for  taking  research  activity  into  account  as  a  part  of 
the  teaching  load.  The  I'tassachusetts  higher  education  system  camendably 
assimes  that  research  is  an  integral  part  of  the  academic  year  -workload  with 
the  result  that  it  has  not  been  the  practice,  in  contrast  to  the  situation  in 
.TiOSt  other  states,  for  the  faculty  member  to  raquest  salary  (except  for  the 
sunnier)  in  proposals  for  research  support.  The  absence  of  an  appreciable 
amount  of  merit  pay  increase  money  as  a  oart  of  the  collective  bargaining 
agreement  is  another  factor  which  inhibits  Lhe  extra  effort  which  must  be 
devoted  to  the  develognent  of  a  research  program.  The  Applied  Technology 
Center  with  its  canerous  overhead  return  to  the  researcher  olus  the  oocor- 
tunity  for  salary  enhancement  may  prove  to  'ce  a  osef'ul  medium  for  encouraging 
industrial  research,  but  it  has  not  yet  involved  a  substantial  fraction  of  the 
faculty.  It  is  possible,  of  course,  that  given  the  rewards  of  rank,  tenure, 
peer  acceptance  and  personal  satisfaction,  most  professionals  of  the  calibre 
found  in  the  UMass  faculty  will  do  research  anyway,  but  it  'vvould  obviously 
make  the  task  easier  if  seme  disincentives  could  be  removed. 

The  goals  (Expressed  by  the  leadership  of:  the  College,  of  Engineering  are 
not  reflected  specifically  in  the  plans  of  the  'Jniversity,  either  in  written 
or  oral  form,  '.n^ila  it  may  be  that  this  simply  indicates  the  timing  of  the 
visit  by  the  team  during  a  cericd  './hen  plans  were  in  the  making,  it  is  obvious 
that  the  directions  cor  the  future  envisioned  by  the  College  are  only  meaning- 


ful  as  they  mesh  with  the  overall  plans  and  priorities  of  the  University,  rr.e 
plans  of  the  college  for  a  considerably  expanded  effort  in  graduate  studies 
and  research  will  of  course  require  additional  resources.  There  is  potential 
in  the  College  for  attaining  a  position  a.tsong  the  leaders  of  state-supported 
schools  of  engineering  in  the  nation^  but  to  achieve  t.hat  <3oal  will  require  a 
positive  conraitnent  by  the  University  and  'Ty  the  Conmonwealth  that  this  goal 
will  receive  the  necessary  administrative  and  financial  support.  It  does  not 
appear  that  the  College  has  developed  as  a  part  of  its  current  6ive-year  plan 
•an  assessment  of  the  incremental  cost  to  the  Ccmmonv;ealth  of  the  proposed  oove 
to  a  heavier  involvement  in  graduate  education.  'This  '^uld,  of  course,  be  a 
necessary  prerequisite  to  agreement  by  the  University  administration  and  by 
the  Regents  to  gi^/e  this  thr'ost  by  Engineering  a  priority  position. 

Quite  apart  from  tiie  decision  to  support  a  --Tiove  by  the  College  to 
national  prcminence  is  the  r\Qed   to  insure  that  the  quality  of  the  current 
educational  programs  is  not  eroded.  The  College  is  at  a  crossroads  and  can 
either  go  forward  or  bacic.vard.  The  proposed  student  fee  should  'cg  approved  as 
a  partial  solution  to  the  laboratory  equipment  problem.  ;\  budget  for  under- 
graduate laboratory  equipment  which  has  'oeen  neither  adequate  nor  consistent 
for  many  years  has  produced  a  deplorable  situation  in  those  laboratories. 
This  problem  is  coupled  with  the  reward  system  and  tl"s  current  excessive 
teaching  loads  in  several  disciplines,  not  necessarily  in  credit  hours  but 
rather  in  student  contacts,  with  the  result  that  seme  competent  younger 
faculty  members  ore  becoming  discouraged  and  looking  elsev/here. 


:  iA33AC-!U3rrr3  •■!ahiti:c  ACAps-ty 

The  Massachusetts  MaritL-ne  Academy  is  a  ';ery  specialized  meiiter  oc  the 
pubiiciy-suppacted  institutions  offering  engineering  education  in 
Massachusetts.  The  Academy  grew  out  of  the  Massachusetts  ^lautical  Training 
School  established  in  1391  and  in  1964  became  a  member  of  the  Massachusetts 
State  College  System.  The  stated  purpose  of  the  institution  is  to  aducate 
;^-oung  people  for  professional  careers  at  sea.  Bachelor  of  Science  Degrees  are 
offered  in  Marine  Zngineering  and  Marine  Transportation. 

Marine  Engineering  ?rogr;^ 

The  250  students  who  are  admitted  to  the  Academy  each  year  are  undeclared 
during  the  freshman  year  as  to  which  of  the  t'^  available  programs  will  'ce 
pursued.  In  recent  times r  about  bvo- thirds  of  them  chose  the  marine  engi- 
neering program,  and  L12  degrees  were  conferred  in  the  discipline  in  1932-33. 

The  Marine  Zngineering  program  is  a  rigorous  four-year  program  which 
contains  a  heavy  concentration  of  courses  designed  to  prepare  the  graduate  for 
the  special  responsibilities  of  an  engineering  officer  aboard  a  mcdern  ship. 
The  program  is  not  accredited  by  the  Accrediting  Board  for  Zngineering  and 
Techiiolcgy,  nor  has  engineering  accreditation  'ceen  sought,  but  the  Academy  is 
accredited  by  the  l^ew  Zngland  Association  of  Schools  and  Colleges. 

The  marine  engineering  faculty  has  been  increased  by  25  percent  over  the 
pas^  three  years  and  new  numbers  twenty.  All  of  the  new  faculty  additions 
hold  the  Advanced  Marine  Zngineering  License,  and  over  half  of  the  faculty 
hold  either  a  Chief  Zngineecs'  License  or  the   ?hD  degree.'  T!:e  curricul'jm  has 
been  altered  significantly  ovec  the  rast  few  yoars  to  adapt  it  to  the  techno- 
logical changes  found  in  the  "~cdern  .-necchant  "narine  fleet.  Zxcellent  nc.v 
computer-controlled  simulation  facilities  have  teen  added  for  student  training 
in  ship  handling  and  engineering. 


A  Special  csature  of  the  program  is  the  requirement  of  130  days  of  sea 
time  for  each  student.     To  acccrapiish  this,   the  Academy  takes  abDut  two-thirds 
of  the  st'jdent  body  on  a  60-day  training  cruise  eaah  year,   although  n^any  of 
the  students  satisfy  part  of  the  requirement  by  shipping  out  on  a  commercial 
vessel. 

jupcortinq  Services 

Staff:     Secretarial  support  for  the  faculty  appears  to  'ce  adequate,   but 
there  is  only  one  technician  available  for  itiaintenance  and  installation  of    • 
laboratory  equignent.     Beside  the  standard  laboratory  equipment  required  for 
undergraduate  engineering  courses,   the  Academy  has  much  specialized  equignent 
appropriate  to  its  mission  of  educating  marine  engineers,   and  there  is  no 
technician  support  available  for  sane  of  this  highly  sophisticated  equipm>ent. 

:To  teaching  assistants  are  available,   but  this  does  not  appear   to  '■:e  a 
problem.     Hbe  enrolLment  is  limited  and  allows  for  a  manageable  size  for  both 
lecture  and  laboratory  classes. 

Library:     Given  the   limited  number  of  programs  and  the  size  of   the 
faculty  and  student  body,    the  library  resources  of   the  Academy  are  reasonably 
good.     The  budget  will  not  allcv/  acquisition  of  all  the  books  and  periodicals 
which  might  be  desired,   but  a  gocd  inter library  loan  system  is  in  effect  which 
■makes  alicst  any  material  available  en  request. 

Canputers:     Computer  facilities  appear   to  be  adequate  for  current  ccm- 
jutdr  ijse  required  of  students.     Since  'coth  st-jdents  and   faculty  '-^ere  at  sea 
on  the  annual  cruise  at  tr.e  time  of  the   tcan'-  visit,    it  ••■jos  difficult  to 
determine   tiie  extent   to  w^,ich  st'jdents  ore   required   to  rnake  'jse  of   the  com- 
puter.    One  v^uld  expect,   'r'cwever,    that  ic  use  of   t'.ie  iTiachine  -as  a  problem- 
solving  tool  '^ere   integrated  throughout  the  cjrrical'jm  of   the  marine  engi- 
neering program,    the  current  n'um.ber  of   terminals  vAOuld  not  'ce  sufficient. 


?grceivgd  Strsngths  and  :'feai<nesses 

Strengths  of  the  marine  engineering  program  inciudej   (1)  a  strong 
faculty  with  good  acadeniic  and  pcocessional  qualification  for  this  specialized 
program,  (2)  excellant  physical  facilitiesr  (3)  a  highly-motivated  student 
ixdy,  (4)  good  leadership  which  has  iroved  the  program  to  stay  abreast  of 
applications  of  sociiisticated  technology  in  the  shining  industry,  (5)  scne 
excellent  labsratocies  which  simulate  actual  navigational  and  engineering 
conditions  aboard  ship. 

Areas  of  concern  are:   (1)  the  lack  ijntil  very  recently  of  a  training 
vessel  for  the  required  cruises  and  for  use  as  a-  working  labocatory  when 
docked^  and  (2)  insufficient  budget  for  instructional  laboratory  equi^ent 
outside  the  specialized  :narine  equianent  areas  and  for  proper  ^iaintenance  of 
all  laboratory  equirment. 

Procram  Directions 


The  omjor  concern  of  the  Academy  administration  during  the  recent  past 
has  been  the  acquisition  of  a  training  vessel.     At  the  time  of  the  visit  by 
the  teara^   a  ship  had  just  'ceen  purchased  with  funds  appropriated  by  Congress 
to  the  Maritime  Administration.     Tl^ie  vessel   Is  a  ccmpromise  with  what  '/^ul'l  't^ 
desirable,   since  it  does  not  have  a  otrdern  low-speed  diesol  power  plant.     The 
estimated  cost  of  conversion  of  the  ship  frcm  its  present  configuration  to 

th^t  of  a  training  -vessel  is  Sll  rrillion.     Only  S6  million  is  oresently 
available,   so  the  acquisition  of  a  training  vf^ssel  continues  to  be  a 
challenge . 

Tor  many  ^r^ars  graduates  oc   the  Academy  vcre  placed   Limed  iately  u'^^xm 
graduation  in  jobs  for  v/nich  thoy  were   trained.     The  situation  has  changc-.1 
with  the  do^-mturn   in  ti^e  shi.Tping  industry.     Jobs   for  graduates  are  not  nearly    ; 
so  available,   although  tl-^e  placement  record  of   the  insticution  is  still  very 


good.     The  Academy  has  csceived  suggestions   from  ^/arious  sources   that  it  alter 
the  engineering  program  to  offer  an  accredited  :nechanicai  engineering  degree 
to  give  the  graduates  roore-  job  options.     3cme  thought  has  'ceon  given  to  such  a 
change  by  the  administration,  although  no  decision  has  yet  been  made  to  take 
this  step, 

Caiments  on  ?Ians; 

A  training  ship  serves   the  dual  purpose  of  providing  the  required  seatir.e 
for  the-  students  and  of  'ceing  used  as  a  full-scale  working  laboratory  while   It 
is  docked  at  the  Academy,     .^s  tiie  degree  programs  are  new  structured,   this  is 
a  very  central  requirsnent  for  the  institution^   and  the  plan  to  renovate  the 
recently  purchased  ship  for  service  as  a  training  ^-essel  should  be  a  top 
priority.     There  are,   hcvever,   signs  that  the  MaritiTie  Administration  and  the 
states  involved  may  not  continue   In  the  long  run  to  provide  the  considerable 
purchase  and  maintenance  costs  required  for  each  of   the  major  maritLme 
academies  to  have  its  cwn  full-time  training  ship.     The  Academy  might  there- 
fore be  developing  a  long-range  contingency. plan  to  include  sharing  of  a 
vessel  with  other   institutions  coupled  with  the  development  of  creative  large- 
scale  shore-based  laboratories. 

>/ith  regard  to  the  possibility  of  altering  the  marine  engineering  program 
to  provide  opportunity  for  sane  or  all  students  to  graduate  from  an  accredited 
mechanical  engineering  program,   such  a  move  seems  ill-advised.     If  a  student 
wants  a  degree  in  mechanical  engineering,   he  or  she  should  go  to  one  of   the 
several   institutions  currently  offering  that  -Jcgree   in  the  Ccmmcnv/ealth.     To 
change   the  marine  engineering  program  to  an  ;\DirT-accredit2d  one   in  mechanical 
engineering  '/^uld  produce  a  considerable  change   in  its  character.     The 
Massachusetts  Maritime  Academy  has  a  very  spscialized  mission,   and   it  cerforr.s 
thiat  mission  extremely  ••■.•ell.     The  Ccmmonwealth  will  'ce  'cest  served   if   the 
institution  continues  on  its  cresent  course. 


Appendix  B 
Reports  -  Independent  Institutions 


BOSTON  UNIVERSITY 

Boscoti  University  has  ambarked  on  a  S80  Tiiilion  program  co  provide 
new  buildings  and  facilities  for  engineering  and  che  sciences,  Enroilmencs 
in  engineering  hit  a  low  in  1973,  when  its  enrollment  fell  co  162  full- 
cime-equivalent  students.   In  1983-84  enrollment  of  undergraduate  engineering 
students  had  increased  co  over  2000  students.   The  College  of  Engineering 
has  cnade  a  aiajor  effort  co  attract  high  quality  students  and  che  average 
mathematics  SAT  scores  of  its  students  are  che  highest  of  any  college  at 
Boston  University.   The  college  has  also  been  effective  in  recruiting  women 
and  minority  students  into  cheir  engineering  program.   The  faculcy  has 
tripled  in  size  since  ics  low  point  in  che  mid-seventies. 

Approximately  70%  of  che  engineering  scudencs  come  from  New  England, 
and  approximacely  ^0%  come  from  Massachusetts.   The  college  has  a  number  of 
3+2  programs  and  works  most  effectively  wich  che  Universicy  of  Massachusetts 
at  Boston  in  accepting  Electrical  Engineering  students  from  within  che 
Collaborative  Program  of  chat  insticucion. 

Boston  University  offers  BS  programs^  in  7  disciplines  of  engineering 
and  che  MS  in  5  disciplines  and  che  Master  of  Engineering  in  Manufacturing 
Engineering.   The  PhD  program  was  initiated  a  year  ago. 

Emphasis  is  being  placed  on  distinctive  programs  (versus  cradicional)  in 
such  fields  as  biomedical,  computer,  microelectronics,  manufacturing  and 
aerospace  engineering.   Off-campus  graduate  courses  are  also  offered  co 
engineers  in  induscry.   Graduate  course  offerings  are  now  sufficient  in 
number  co  permic  graduace  scudencs  co  work  full  cime  coward  che  MS  degree. 

Boston  Universicy  is  che  only  school  chat  had  major  plans  for  expansion 


lMassachusetts  institute  of  technology 

MIT  is  universally  recognized  as  one  of  the  outstanding 
engineering  schools  of  the  world.   It  is  a  great  asset  to  the 
Commonwealth  of  Massachusetts.   Many  of  its  students  remain  in 
Massachusetts  upon  completion  of  their  degrees.   President  Paul 
Gray  cited  the  Electrical  Engineering  and  Computer  Science 
students  to  illustrate  this  point.   Although  only  10%  of  these 
students  come  from  Massachusetts,  approximately  40%  remain  in  the 
state,  taking  positions  in  Massachusetts  industries.   Of  some  70,000 
MIT  alumni,  15,00  0  live  in  Massachusetts  with  approximately  11,0  00 
in  the  Boston  area.   A  large  number  of  high  technology  companies 
have  been  started  by  MIT  graduates  or  otherwise  spun  off  from 
research  activities  at  MIT. 

MIT  offers  A3ET-accredited  Bachelor  of  Science  degrees  in  ten 
different  engineering  disciplines ,  the  Masters  of  Science  in 
nineteen  engineering  or  engineering-related  disciplines   the 
degree  of  Engineering  in  several  fields,  and  both  the  Doctor  of 
Science  and  the  Doctor  of  Philosophy  degrees .  j 

An  internship  program  has  also'  been  established  for  a  limited  ] 
number  of  students  who  are  chosen  at  the  end  of  their  sophomore 
year.   It  is  a  five  year  program  resulting  in  both  the  3S  and  MS 
degrees.   The  student  spends  two  summers  after  his  or  her  sophomore 
and  junior  years  with  the  company.   During  the  senior  year  he  or 
she  goes  with  the  company  for  a  summer  and  a  semester  and  returns 
to  MIT  for  a  final  semester.   The  thesis  is  usually  done  at  the 
company . 

Several  other  industry  cooperative  educational  programs  are 


offered.    Jointly  with  the  Sloan  School  of  Management,  the 
Engineering  School  offers  a  Masters  degree  in  the  Management 
of  Technology  for  engineer-managers  with  several  years  of 
experience. 

MIT  has  a  number  of  centers  and  laboratories  which  undertake 
focused  interdisciplinary  and/or  major  targeted  areas  of  research. 
Many  of  these  units  derive  a  substantial  fraction  of  their  research 
support  from  industry.   Total  estimated  engineering  research  from 
contracts  and  grants  was  about  $53  million  in  1932-83. 

MIT  is  very  cognizant  of  its  responsibilities  to  society  as 
a  leading  institution  of  its  kind.   It  is  very  actively  working 
with  industries  and  has  offered  a  number  of  different  programs 
for  engineers  already  in  industry.   These  include  non-degree 
programs,  as  well  as  videotape  courses  that  may  be  purchased  or 
rented.   Close  liaison  with  industry  is  also  maintained  by  the 
various  centers  and  laboratories.   The  School  of  Engineering  also 
participates  in  the  MIT  Program  in  Science,  Technology  and  Society 
and  has  several  activities  related  to  technology  and  public  policy. 

An  administrative  staff  of  56  and  a  faculty  of  approximately 
373  handle  these  programs.   In  Fall  1983,  there  were  24.13  under- 
graduates and  2191  regular  graduate  students  enrolled  in  the 
School  of  Engineering. 

MIT  has  long  been  considered  a  source  of  innovation  in 
engineering  education. 


yiEBRIMACK   COLLEGE 

Merrimack  College  began  a  Civil  Engineering  degree  program  In  1951  and 
Electrical  Engineering  was  added  in  1954.   The  financial  condition  of  che 
institution  is  sound  and  there  Is  a  five  year  plan  to  remove  all  debt.   The 
institution  has  operated  at  a  deficit  for  several  years  but  now  has  the 
operating  budget  in  balance.   Minety-five  percent  of  che  operating  budget 
comes  from  tuition. 

The  institution  has  2100  day  students  Including  co-op  students  (approxi- 
mately 125  co-op  studients  are  on  off-campus  assignment  at  any  one  time.) 
Approximately  200  students  are  enrolled  in  engineering  programs.   Of  the 
1400  students  attending  night  school  courses,  approximately  150  are  enrolled 
in  engineering  courses.   Most  of  che  students  come  from  Massachusetts  and 
che  rest  from  New  England.   Most  of  che  engineering  graduates  stay  in  Che 
immediate  area  (eastezm  Massachusetts) . 

Merrimack  College  expects  co  stay  small  but  puts  its  efforts  coward 
improvement  in  quality.   Ic  hopes  co  attract  some  support  from  industry  in 
chis  effort. 

The  capital  equipment  budget  is  very  small  and,  as  a  result,  che  equip- 
ment needs  are  great,  especially  with  res'pect  Co  large  equipment  items.   The 
faculty  is  small  in  size  but  very  dedicated  co  ics  mission.   Some  consider- 
ation has  been  given  co  adding  a  Mechanical  Engineering  program,  but  Chis 
has  not  progressed  beyond  che  discussion  stage. 

Although  Che  Cacholic  high  schools  are  feeder  schools  co  che  Merrimack 
program,  about  60  percent  of  cheir  students  come  from  public  high  schools. 
A  study  is  now  in  progress  concerning  space  and  needs.   Ic  is  hoped  Chis 
will  alleviate  che  shorcage  of  space  in  boch  Eleccrical  and  Civil  Engineering. 

Merrimack  College  hopes  co  be  a  discinccive  insticucion,  i.e.  a  relatively 
small  Catholic  collage  wich  an  Incegration  of  che  liberal  arcs  into  all  of 
ics  programs. 


MORTHEASTERN  UNIVERSITY 

Mortheascern  Universicy  has  had  a  long  and  distinguished  hiscory  of 
providing  educacionai  opportunicias  to  students  working  part-time  or  full- 
time  while  pursuing  an  education.   Its  cooperative  program  at  the  undergraduate 
level  has  been  nationally  recognized  for  many  years.   It  has  had- a  large 
evening  program  in  engineering  at  the  MS  level.   A  small  on-campus  doctoral 
program  also  is  offered. 

There  are  approximately  4200  undergraduates  in  3.  3.  engineering  programs, 
with  more  than  1000  in  the  Electrical  Engineering  program.   About  15%  of  the 
undergraduates  are  part  time  students  in  the  evening  program.   During  the 
economic  downturn  it  was  difficult  to  place  co-op  students  in  jobs  in 
industry.   About  88%  of  students  were  so  placed,  with  particular  difficulty 
being  noticed  in  placing  foreign  students.   Most  students  stay  with  the  same 
employer  for  their  co-op  experience  and  about  60%  are  offered  employment  with 
that  employer  upon  completion  of  the  3.  3.  degree.   About  40%  of  the  students 
end  up  going  to  work  upon  graduation  with  their  co-op  employer.   Students 
are  accepted  from  the  University  of  Massachusetts  at  3oston  collaborative  program 
and  this  seems  to  be  working  well.   Some  students  enter  after  taking  some  of  thei: 
course  work  at  community  colleges. 


TUFTS  UNIVERSITY 

Tufts  University  has  a  relatively  small  engineering  college 
with  degree  programs  through  the  doctorate  in  the  four  principal 
engineering  disciplines.   The  school  attracts  extremely  high 
quality  applicants  whose  Mathematics  S.A.Tc  scores  average  about 
700.   There  has  been  a  shift  in  the  enrollment  in  the  various 
departments  with  a  great  increase  in  the  number  of  students  in 
Electrical  Engineering.   SE  enrollment  has  more  than  doubled  in 
the  last  five  years  and  now  numbers  more  than  10  0  in  each  of  the 
sophomore,  junior  and  senior  classes.   There  are  only  eight  faculty 
members  in  the  Electrical  Engineering  Department  and,  hence, 
teaching  loads  in  that  department  are  very  high. 

Tufts  has  a  fund  drive  for  3140,000,000  with  $10,000,000 
allocated  for  engineering.   Planning  calls  for  a  center  of  excel- 
lence in  each  department.  Civil  Engineering  -  environment  studies; 
Chemical  Engineering  -  bio-engineering;  Electrical  Engineering  - 
electro-optics,  and  Engineering  Design  -  CAD-CAM.   The  PhD  programs 
will  be  developed  and  emphasized  in  these  areas  of  strength. 

Tufts  participates  in  the  collaborative  program  with  the 
University  of  Massachusetts  -  3oston  and  has  taken  two  students 
to  date  from  that  program. 


^JENTWORTH  INSTITUTE  OF  TEOPTOLOGY 

Wencvorth  Insticuce  of  Technology  is  a  private  four-year  cechnicai 
inscituca  originally  chartered  in  1904.   Current  anrollmenc  in  2  and  4  year 
engineering  technology  and  related  programs  includes  3,384  FTE  day,  1,000 
evening  students  and  360  week-end  students.   Total  yearly  graduates  include 
350  baccalaureate  and  650  tvo-year  graduates.   Four  colleges  are  organized 
for  Arts  and  Science,  Aeronautics,  Engineering  Technology  and  Design  S 
Construction.   Completion  credentials  include  a  Bachelor  of  Science  in 
Engineering  Technology,  Associate  in  Engineering,  Associate  in  Applied 
Science,  and  Certificate  of  Graduation.   Planning  for  the  future  includes 
consideration  of  a  five  year  Bachelor  of  Architecture  degree  and  a  Miaster 
of  Science  degree  in  Technology,  and  planned  expansion  to  a  total  enrollment 
of  5,000  in  five  years. 

Unique  arrangements  and  articulation  agreements  have  been  developed 
with  selected  high  schools,  community  colleges,  colleges  of  engineering  and 
universities-   A  number  of  public  and  private  institutions  are  involved 
and  include  formal  agreements  including  transfer  arrangements  and  planning 
for  extension  of  the  weekend  college  to  other  institutions.   One  example  is 
the  unique  cooperative  academic  arrangement  with  Emmanuel  providing 
graduates  with  both  a  teaching  certificate  in  technology  and  the  bachelor's 
degree  from  Wencworth. 

Close  contacts  with  industry  are  provided  by  the  members  of  the  non-stock, 
non-profit  corporation  and  by  the  various  Industrial  Professional  Advisory 
Committees.   Academic  programs  are  offered  at  various  industries  in  Massachusetts 
and  other  states.   International  activities  include  both  advisor^/  and  evaluation 
activities  in  Saudi  Arabia  as  veil  as  contract  activities  in  offering  academic 
programs.   Current  facilities  available  at  ^ventvorth  orovide  for  sasv  exoansion 


of  addicional  programs-  and  academic  activities «   There  is  a  two-way  flow 

of  students  transf erri-ng  between  Wentworth,  che  community  colleges,  engineering 

colleges  and  other  state  and  private  institutions  in  engineering  technology. 


J 


WESTERN  NEW  ENGLAND  COLLEGE 

Western  New  England  College  started  in  1919  (as  part  of  Northeastern 
University).   Enrollment  in  engineering  bottomed  out  in  L972  with  270 
students  enrolled.   Enrollments  have  more  than  doubled  and  are  now  at 
590.   About  60%  of  the  students  come  from  Massachusetts.   The  institution 
has  always  operated  in  the  black  although  95%  of  the  operating  budget  comes 
from  tuition  income.   Outside  funds  have  been  solicited  for  capital  only 
(never  for  operating  funds).   Present  endowment  is  about  $3.2  million 
Total  full-time  undergraduate  enrollment  at  the  institution  is  being 
capped  at  approximately  2000  with  about  25%  of  the  student  body  enrolled 
in  engineering. 

Concern  was  expressed  about  the  coming  drop  in  i8-year-olds  in  Massachusetts 
and  its  effect  on  enrollments.   This  is  of  particular  concern  because  the 
budget  is  primarily  tuition  (enrollment)  driven. 

Western  New  England  is  one  of  eight  colleges  in  the  Springfield  consortium, 
which  provides  joint  library  access,  some  joint  purchasing  and  some  cross 
registration. 

Western  New  England  offers  3S  degrees  in  3  fields  of  engineering  and  MS 
degrees  in  Electrical  Engineering  and  Engineering  Management. 


WORCESTER  POirTECHNIC   IMSTITUTE 

Worcester  Polytechnic  Institute  (WPI)  has  a  long  history  fn  engineering 
education.     It  has  a  reputation  for  Innovation  In  engineering  Instruction. 
WPI  offers  BS,  MS  and  PhO  degree  programs,  with  departments  of  C£,  Ch£,  EE  and 
ME.  There  are  73  faculty  members  1n  these  departments.     There  are  about  1950 
undergraduate  engineering  students  vi^ith  about  430  receiving  3.S.  degrees 
annually.     Sixty  to  seventy  MS  degrees  and  several   PhO  degrees  are  also 
awarded  annually  in  engineering.     The  MS  program  has  approximately  125 
full-time  engineering  students   in  the  day  program  and  275  part-time  1n  the 
evening  program.     In  addition  to  the  departmental   programs  there  are  also 
graduate  level   programs  in  Biomedical    Engineering  and  Fire  Protection 
Engineering,  with  23  full-time  students  in  the  former,  vi^ith  10  in  the  latter 
and  31  part-time  evening  graduate  students   in  Firesafety. 

WPI  also  has  a  Computer  Science  Department  (closely  related  to 
engineering)  which  has   13  full-time  faculty  members  and  which  offers  3.S., 
M.S.,   and  PH.D.   degrees.     There  are  256  undergraduate  majors,   31  full-time  day 
graduate  students,   and  275  part-time  masters  students  enrolled  in  the  evening 
program. 


Over  50%  of  the  students  are  from  Massachusetts*  80%  of  the  entering 
students  are  from  the  top  20%  of  their  h-fgh  school  classes,  More  than  75% 
of  the  admitted  students  have  mathematics  SAT  scores  1n  excess  of  600. 
Although  a  40%  drop  1n  the  number  of  13-year-olds  fs  expected  by  1990,  WPI 
expects  to  expand  its  applicant  pool,  principally  by  attracting  a  higher 
percentage  of  women  and  minority  students. 

WPI  has  received  national  attention  with  Its  Innovative  approach  to 
undergraduate  engineering  education.  All  students  are  required  to  complete 
at  least  one  major  engineering  project  before  graduation.  Other  required 
projects  must  Include  some  emphasis  on  societal  problems.  The  academic  year 
is  divided  into  4  seven-week  sessions.  The  project  approach  is  very  demanding 

* 

on  faculty  time  but  does  provide  excellent  student- teacher  interaction. 
Faculty  loads  have  been  relieved  through  creative  use  of  video  tape  and  by 
having  larger  class  size  for  the  basic  courses,  thus  permitting  more  faculty 
time  for  the  projects.  A  unique  feature  of  the  program  is  the  competency 
examination,  which  is  a  capstone  examination  wherein  the  students 
self-learning  capability  is  examined. 


WPI  is  expanding  Us  efforts  in  the  graduate  prograia  area  with  increased 
quality  being  the  irwst  Important  goal  but  also  to  include  increases  in 
enrollments.     The  Electrical   Engineering  Department  hopes  to  double  the 
enrollment  in  their  graduate  program  over  the  next  5  years.     Industry  has 
provided  excellent  support,  particularly  with  manufacturing  engineering 
equipment.     There  is,  however,  a  continuing  need  for  updating  equipment. 
Outside  research  brings  in  approximately  $2,000,000  with  an  additional 
$2,000,000  of  research  in  hydraulic  modeling  being  done  at  the  separate  Alden 
Research  Laboratory.     A  35,000  square  foot  w1ng  is  to  be  added  to  the  EE 
building  to  provide  an  approximate  50%  expansion  for  the  Electrical 
Engineering  and  Computer  Science  Program?. 
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OBJZCTIV  iiS  OF  TH2  7ISIT 

Is     To  review  ch«  acacus  of   che  ?re-«ngineering   craasfar  programs. 

2.     To  review  che  reladons  which  have  been  ss  cab  lis  had  ber^eea  che 
CoBanmiC7  Collegea  and  che  Senior  Colleges,   particularly  che 
arriculacion  agreemeacs  and/ or  che  arrangenencs   for  cranater  of 

« 

scudencs. 
3-  To  discuss  che  ralacive  screngchs  and  veakaesses  of  che  pre- 

engineering  cransfar  programs, 
4.  To  provide  suggescions  and/ or  reconnendacions  for  isiprovemenc* 

rMSTITTTTICNS  Jiim  mLSQl^S   'TTSITIP 

3eric3hira  Cotnaruniry  Collage  -  March  12,  1984 

Donald  Herdaan,  Dean  of  Academic  Affairs 

Daniel  Hianeci,  Chairman*  Sciences  and  Sagineeriag  Division 

Edvia  Clark«  Chairman,  Engineeriag  and  Technology  Deparrmenc 

3rl3Col  Canmmniev  College  -     ytarch  13.  1984 

AJL  Roy,  Academic  Dean 

Charles  31aak,  Ajsijcanc  Academic  Dean 

Philip  Cover,  Chairperson,  Division  of  Business  and  Zagiaeeriag 

David  Warr,  Chairperson,  Division  of  Mach  and  Sciaaca 

Fred  Hanack,  Program  Diraccor,  Sagineerlng 

John  Capone,  Associace  Professor,  H.K.   Deparraeac 

John  Majcuc,  Associace  Professor,  I.E.  Deparcaenc 

Caoe  Cod  Communicv  Collaga  ~  March  L3,  L984 

William  Toung,  Academic  Dean 

Bruce  Bell,  Chairperson,  Div.  of  M^ch,  Science,  ingineariag  St   Reiacad  Tachnoiog 

Ted  Panicz,  Engineering  Program  Coordinacor 

Craenxiald  Cogmunicv  College  -  March  12,  1984 

Theodora  Provo,  Prasidenc 

Toby  Succon,  Dean  of  Academic  Affairs 

Carlecon  Sciachfiald,  Chairperson,  ^Tacural  Sciance  Dv/ision 

Lee  Wefascer,  Faculcy,  Civil  Sngiaaering  Departmenc 
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Holvoke  Congmnicy  Coil&se  -   March  12,  1984 

Philip  CaapbeiX,  Deaa  of  che  Oailege 

Gerard  L'Hetireiac,  Chairaan,  Dlv.  o£  >Cach,  Physical  Sciences  asd  Techselogy 

Joha  Soitoi,  Program  Coordiaacor  for  Sngiaeeriag 

David  Sussoan,  PTograa  Caocdinacsr  for  Slactrotaechaaical  Technology 

Horth  Shore  Coamunirr  Collasge  -   March  13,  1984 

Paul  Prydrych,  D«aa  of  Acadeaic  Affairs 

Keil  Shea,  Diraccor,  £ngineeriag  Science  Program 

3ert  7oa  Blucftnkrantz,  Chairaian,  Div.  of  Science  snd   Math 

yprthera  Saae^c  Commmirr  Callage  -•  March  13,  1984 

Rob«rc  McDonald,  Dean  of  Acadeaic  Affairs 

Corlane  Griae,  Chairperson,  Div.  of  Mach,  Science  a.nd   Technology 

Michael  Pelleciar,  Coordinator,  Academic  Confuting 

Robert  Sacchetti,  Coordinator,  Engineering  and  Science  Program 

Quiasi^aaond  ComrrtTnl  r7  Collaige  -  March  14,  1984 

3ob  Bowden,  Acting  Academic  Dean  (i  Chairman,  Div,  of  Social  Sciences) 
Dick  Baldvin,  Chairman,  Div.  Math,  Science  and  Technologj 

Soringfiald  Technical  Conamniey  College  -  March  12,  1984 

John  Dunn,  Dean 

Jack  Varocas,  Chairman,  Div.  Math,  Science  and  Engineering 

William  White,  Chairman,  Sagineerlag  S  Science  Transfer  Department 

Juris  Zagarins,  Assistant  Professor,  Materials  Science 

Soberr  Gelt2,  Professor,  Chea.  S.  Department 

Tony  Sylvestri,  Associate  Professor,  Computer  Science 

^entvorth  Technical  Institute  -   March  14,  1982 

Ted  iCLrkpatrlck,  President 
Arthur  Thompson,  Provost 

GZNEHAL  0BSZ:i7ATICNS 

Objectives:  The  comprehensive  objectives  of  che  community  colleges  which 
were  reviewed  are  quite  similar.   They  provide  upward 
academic  mobility  for  local  students  chrough  various 
educational  opportunities  including  remediating  students'  • 
academic  deficiencies. 
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Stydenca 


They  all  provide  scudenca  wlch  cha  opporttinisy  co  obcaia 
eatryiato  che  first  cvo  years  or  a  collegiaca  prograa  of 
sztidles   wich  che  objective  of  transferring  co  a  university  - 
for  a  ?rofe3*ional  program.  They  also  provide  r^ro-year 
tarainai  prograaa  for  careers  la  para-professional  areas. 

The  pre-enginaerlag,  or  engiaeeriag  cransfar 
programs,  provide  a  unique  service  for  che  gradt«tas  who 
vho  can  cransf  er  co  an'  upper  division  Institution  with 
approtimataly  tjo   /ears  of  credit.   Znrollsienc  statistics 
indicate  a  fair  ntanfaer  oi  scudents  enrolling  in  the  pra- 
engineering  program,  Howeiver,  "here  is  a  relatively  low 
number  of  gradiiates  who  complate  che  no  year  program. 
This  fact  indicates  "here  are  nany  students  who  attand  che 
community  collage  for  a  relatively  short  period  of  ciae 
in  order  co  r amove  specific  dexiciancias  in  nathematics 
or  sciences.   When  chase  dexiciancias  have  been  ramoved, 
axany  sttidents  feel  ready  co  cransfar  directly  to  an  upper 
division  institution  and  do  so  without  complaciag  any 
further  work  at  che  comaunicy  collage.   In  chis  respect, 
che  objective  of  providing  upvard  academic  nobility  for 
local  students  is  net. 

The  student  enrollments  in  "he  Engineering  Transfer  Programs 
at  che  various  coamunity  collages  seem  co  have  reached  a 
stable  level. 
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The  3Cadenc3  vere  reported  as  being  3ore  nsacux'e, 
highly  mocivacad  and  Iccereaced  la  furthertag  cheir 
academic  kseviadge.   The  academic  quaiicy  of  th& 
scudenc  body  vaa  reported  as  being  lover  than  shac 
fauad  ac  che  uaiveraiey  la  similar  engineering-  pro— 
grama.*  Hovever,  che  scydeacs  la  general  have  beea 
academically  disadvantaged  during  their  high  school 
period  either  for  lack  o£  personal  nocivaclon  or  for 
lack  of  the  required,  aath  and  science  subjects  la  the 
high  school.   la  a  ataaber  of  caaes  students  vers  drop' 
outs  from  collage  who  have  aow  aatured  and  have  itt- 
creased  notivation  and   Interest  for  further  academic 


work. 


The  attrition  la  che  first  year  of  the  pre-eng±- 
aeerlng  programs  is  aacceedlagly  high.  This  program, 
hovever,  does  peraic  students  co  explore  che  exsgiaeerlag 
area  co  decide  If  chey  are  Interested  la  further 
engineering  studias.   kany  students  find  this  a  convenienJ 
way  of  cransf erring  co  other  cachaical  programs  within 
che  community  collage. 

Ic  is  obvious  chat  chare  will  always  be  a  fair 
auaber  of  students  with  varied  backgrounds  who  will 
utilize  che  sarrlcas  of  che  community  colleges  for  entry 
into  che  upper  division  engineerlnjg  program,  of  a  senior 
collage. 
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The  raaourcs  of  cachaicai  aanpover  which  can  be 
provided  for  che  Scats  of  Hassachusecca  vill 
thus   be  increased. 


Faculty  are  cooslaceaciy  dadlcacad  and  loyal  co  the  cot^- 
mmity  coilagea.   In  general,  their  academic  and  theoretical 
background  is  satisfactory  for  the  level  of  vork  they  are 
presenting.  Their  eaphasis  and  iatarasts  are  in  teaching 
their  students  and  in  helping  thea  to  overcome  any  de- 
ficiencies in  knowledge  or  abilities  vfaich  prevent  them 
from  advancing  to  the  senior  college. 

Faculty  generally  do  not  have  engineering  backgrounds 
and  thus  are  serious I7  limited  in  presenting  the  technical 
sue j acts  of tan  desirad  by  the  senior  collage  in  the 
second  or  sophomor^t  /ear.   The  faculty  vorkloads  under 
the  current  union  contract  appear  to  be  acceptable  to  most 
of  the  facility.  Faculty  stability  appears  to  be  good 
vlth  a  rather  llaitad  turnover.   There  is  some  concern, 
hcvever,  that  this  very  low  cumover  may  indicate  chat 
some  stagnation  is  occurring-   This  is  particularly 
critical,  since  there  are  seriously  limited  opportunities 
for  professional  development  acti'/ltias  availaola  to 
faculty  nembers.  'nJitii  the  rapid  changes  in  technology  and 
the  advancement  in  technical  areas,  this  is  a  matter  of 
serious  concern. 
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A  aajor  atforr  auac  b€  tnade  eo  improve  che  opportyniclas  for  the 
proiaaaionai  developtnene  of  ehe  faculcy  aembers  hj   providing 
addicloaal  financial  support  for  crave! ,  for  oartlcipaclon  is 
seminars,  ind   partsicuiariy  for  activlcy  in  cachaicai  socieciaa, 
aoc  oxxiy  in  che  iamediace  cofflauaiey,  bue  for  occasional  aeecings 
ac  Che  nacional  level « 

The  cotnpecicion  for  new  factilcy  qualified  la  che  engineering 
and  compucsrs  areas  is  becoming  3uch  nore  cricical  chan  Ic  has  In 
the  ?asc.  The  current  aarkacplace  in  industry  can  provide  a  anich 
higher  salary  Level  chan  che  average  college  faculty  oemfaer  raceivi 
Although  this  problem,  is  not  unique  co  commualty  collages,  it  is 
nuch  acre  aggravated  in  view  or  che  currant  exceedingly  low 
salaries  for  che  community  collage  faculty.  The  union  contract 
which  does  not  allow  for  nerit  or  aarkecplace  considerations  can 
be  a  serious  hindrance  co  developing  che  qualified  faculr7  necessa: 
CO  provide  a  quality  program  in  che  aagineering  cransfer  area. 

Recognizing  che  unique  raqtxiramencs  for  engineering  faculty 
as  well  as  for  specialized  technical  laboratories,  it  woxild  chera- 
fore  be  expedient  to  liaic  che  engineering  cransfer  program  Co  a 
very  few  selaccad  communicy  collages. 

Curriculum— Hodal  Transfer  ??o^;ram 

The  Bodel  cransfer  program  ehac  is  currancly  being  discussed 
should  be  iaajlemencad  as  scon  as  possible  ac  a  few  seiecced  insci- 
cucions.   The  arciculacion  agraeoencs  which  have  currancly  been 
established  do  arovida  a  reasonable  cransfer  oooortunicy  for  nose 
students.   Difficulties  exist  as  a  rasxilt  of  differences  in  currier 
at  che  upper  di^jision  public  instimtions,  sicca  chey  chemselves 
have  not  yet  agreed  upon  a  common  first  cvo  years  for  cheir 
engineering  programs- 
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Since  no  cotnaon  axDdel  engineering  prograa  exists   ac 
Che  public  universiciaa,  any  aodel  cransxar  curriculuia 
cannot  oxacch  che  aurrlcxila  ac  all  of  che  public 
universities. 

The  articulation  agreement a  which  have  already 
been*  established  betveen  specific  universities  and 
Che  cooatuaicy  collages  are  apparently  vorking  out 
quite  veil  and  should  be  further  explored  and  ex- 
panded where  appropriate.   Since  Che  public  univer- 
sides  do  aot  chemselves  agree  on  a  eonsnon  first'  rwo 
years,  it  will  be  iaportant  chat  advertising  by  Che 
communicy  collages  is  clear  In  idencifylag  che  situa— 
cion;  1.  e.  chat  cheir  cransfer  program  casnoc  oeet 
Che  rei^uirstBents  of  all  of  che  institutions ^  both 
public  and  private  in  Che  state  of  Hassachussects. 

The  various  'cbnaaunity  collages  aight  best 
oionicor  cheir  cransfer  programs  so  as  co  neet  che 
iacarescs  of  che  iasticucion  co  which  aosc  of  cheir 
sxudents  cransfer.   Scudancs  who  do  complata  che 
angiaaerlng  cransfer  programs  are  generally  quice 
successful  in  che  engineering  programs  ac  che  inscicu- 
cions  of  higher  education. 
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Facilities: 

The  academic  facillciea  of  che  cotmauaity  collages  are  generally  •  . 
adequate.  Tbere  are  a  aumber  of  iaacictitiona,  howe-Ter,  wtch  a- 
serious  deficiency  ia  space  —  priaarlly  related  to  laboratory 
equipment,  laboratory  tnaiateoaace  and  capital  iatprovemeac. 
Computer  facilities  are  generally  aoc  at  the  level  chey  should 
be  and  will  require  exceedingly  careful  oionitoriag  ia  order  cha€ 
che  students  are  ready  to  transfer  to  che  upper  di'/ision  programs. 
The  fact  chat  different  computer  languages  are  beia^  utilized  ac 
the  varioTis  institutions  Is  a  STibject  of  serious  concera  which 
muse  be  addressed. 

Ia  a  nxnafaer  of  cases,  che  engineering  transfer  program-  oa  the 
campus  actually  enhanced  and  supported  other  academic  programs, 
particularly  ia  connection  with  che  physics  and  chemistry  laborator 

Institutions  with  low  earollaencs  ia  the  engiaeeriag  craasfar 
program  might  best  consider  offering  a  very  basic  program  of 
core  subjects  and  exclude  any  of  che  special  cachnical  subjects 
required  ia  che  various  engiaeeriag  areas  ia  che  sophomore  /ear. 
The  limited  laboratory  facilities  and  che  lack  of  engineering 
cac'olty  dictate  chat  only  a  basic  cransfar  program  be  offered 
ac  aosc  of  che  iasticutions. 

Administrative  Support; 

The  engineering  cransfer  program  appears  co  have  full  support 
of  che  adminiscracion  at  all  levels  vlchia  each  of  che  communicy 
colleges  revleved.   Ixcellent  cooperation  aaciscs  becveen  che 
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conaaunicy  colleges  and  che  senior  colleges  ia  che  geographic 
area,   la  particular,  che  Deans  of  Engineering  have  escafallahed 
programs  co  bring  cogecher  che  cooaaunicy  college  personnel  Co 
discuss  che  aodei  cranster  programs.   Curriculum  changes  are 
brought  CO  cheir  accention  ae  chat  ci3e« 
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Tlse  axcexjslve  aacure  of  higher  education  in  Maasachusecta  I3  aosc  noee- 
worthy.  The   syscss  ancoffipaasea  a  broad  spectrum  including  public  and  private 
coilegea  and  universities,  and  conrnnmiey  colleges  and  cechaicai  schools.  Any 
reconmendations  co  expand  or  contract  to  approve  or  to  liaie  axsansion  of 
curricular  offerings  vlll  produce  strong  reactions  from  che  various  constitutenc 
groups. 

In  order  to  provide  academic  opportunities  for  acre  citizens  and  to 
improve  che  quality  and  quantir/  of  che  technical  workforce,  a  strengthening  of 
a  few  conmrunity  college  angiaeering  transfer  programs  would  be  justified. 
Just  how  chis  is  co  be  accomplished  will  depend  Co  a  great  extent  on  thft  commit- 
sent  of  funds  and  development  efforts  Co  be  assigned  co  che  comnasxity  colleges 
and/or  Co  che  engineering  collages.   Complete  cooperation  of  ail  jroups-  wHl  be 
necessary. 

Key  areas  of  concern  will  include: 
I.  k   substantial  Increase  in  funding  for  laboratory  and  computer  equipment 
and  faculty  development  at  a  fev  selected  institutions. 
II.   Selection  of  a  few  key  '* specialty'*  comnnmiry  collages  co-  offer  selected 

engineering  subjects  for  che  engineering  cransfer  program.  Other  comsunicy 

collages  should  concentrate  an  ramediacion  in  upgrading  student  skills 

in  nach  and  sciences  and  in  offering  basic  core  subjects  for  engineering  traa 

students  wichout  a  full  comolament  of  soohomora  engineerinsz  subiacts. 
III.   Regular  cvo-way  coismunicacions  nust  be  developed  co  include  che  engineering 
collages  and  related  communicy  collages,   this  formal  process  shoxild  also 
include  meetings  of  department  and  division  heads  for  one-on-one  dialogue 
of  conanon  problems  and  concerns  existing  at  che  cotmaunicy  college  and 
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engioeering  colleger.  One  ocher  organizacion  of  coBsnunicy  collage 
department  or  divlaioa  heads  night  be  desirable  wich  regular  acace-wide ' 
aeecinga  co  disctiss,  evaluate  and  propose  solutions  co  coraaon  problsas, 
17.  The  current  Inscicutions  offering  four-year  engineering  prograaa  can  fill 
Che  need  for  qualified  engineering  graduates  in  Hassachusects,  Ho  other 
iastitucions  should  be  authorised  to  enter  the  engineering  education  field 
at  this  tiae.        '•  * 

FACULTT" 

1.  Professional  development  of  current  factLlty  aust  be  isproved.'  Additional 
funds  and  formal  programs  for  providing  individxoals  with  challenging  and 
stimulating  activities  are  necessary.  The  rapid  changes  in  technology 
and  in  computer  utilization  and  languages  vill  soon  make  a  stable 

.  faculty  obsolete  unless  they  are  involved  in  a  personal  program  of 
professional  development.   Additional  funds  vill  be  required  to  support 
professional  and  technical  society  activities  and  nemberships  and 
partipation  at  local,  regional  and  aational  meetings. 

2.  Sach  institution  should  identify  the  unique  strengths  and  weaknesses  of 
each  of-  -he  technical  faculty  as  it  relates  to  their  academic  offerings  and 
mutually  develop  individual  programs  of  professional  development  for  each. 
The  responsibilities  of  the  individual  faculty  .Tiember  as  veil  as  the  com- 
munity college  should  be  agreed  upon. 

3.  A  3ystemr-«lde  plan  should  be  established  for  each  curricular  area  which 
could  utilize  continuing  education  programs  developed  by  the  tnajor  tech- 
nical-professional societies.   The  founder  societies  such  as  I.S.i.H., 
A.S.C.2. ,  A.S..M.S.  and  others  such  as  S..M.S.  have  all  developed  extensive 
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programs  for  r^aoca  presencacion.  Purchase  by   cha  acaca  ayscen  for 
discrlbuclotx  and  use  ac  th.&  camauxil^   coilefes  would  be  a  cosc-"affa£Clve 
means  of  providing  curranc  cschnicai  inforaacion. 

4.  Diffaraneial-  salary  schedules  vill  be  needed   Co  meec  the  aiarkac  place 
contpecicion  for  engineering  and  computer  acianca  faculcj. 

5.  ?acuiC7  workloads  ar^  concrollad  by  union  agreements;  hoverrer,  additionaJ 
support  personnel,  lab  cachnicians,  etc.  sight  eif actively  develop  time 
for  faculty  to  get  involved  in  mora  professional  activities, 

6.  Faculty  consxilting  and  closer  Industry  relations  should  be  encotiraged 
with  guidelines  and  controls  to  stimulate  acti-rtty  and  to  protect  from 
abtises. 

7.  Appropriate  continviing  education  programs,  seminars  and  workshops  offered 
by  the  public  universiticas  should  be  aade  available  at  little  or  no  cost 

■to  Che  community  collage  faculty. 
3.  A  factilty  exchange  program  for  a  semester  or  one  year  should  be  establisht 
CO  provide  community  college  faculty  supervised  caaching  eacperiencas  at 
Che  public  universities  in  cha  specialty  subjects  of  che  sophoTsora  year.  1 
tJniversir/  faculcy  could  help   develop  cha  appropriate  laboratories  and 
related  cachnical  courses  at  che  communicy  collaga  eo  isprove  che 
articulation  of  cransfer  scudencs. 

STUPE^rrS 

9.      £nroilnent  planning  and  control   should  be  explored  wich  all  institutions. 
If   che  enginaericg  colleges   shift   cheir  reaources   and  enrollnent   ainphasis 
to   che  upper   levels   and   co   gradtiace  programs,    chen  inproved  articulation  i 
curriculum  i    cransfer  policies  will  be  needed  wlch   che  cctamunity  colleges. 
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If  the  engineering  colleges  depend  on  the  connnunity  collages  for  a  larger 
number  of  transfer  students,  then  additional  state  support  will  be  required 
for  laboratory  equipment  and  specialty  faculty  at  the  selected  community 
colleges. 

10.  Academic  advising  programs  must  be  strengthened  to  aid  students  in  career 

guidance  and  for  selection  of  their  maior  av^lnf^^vi.vo;   fiald  of  studv. 

11.  Students  should  be  carefully  advised  that  to  complete  the  engineering 
program  will  likely  require  more  than  four  academic  years,  and  that 
students  who  start  with  remedial  subjects  at  the  community  colleges  will 
generally  take  five  or  more  years  to  complete. 

12.  Students  should  be  carefully  advised  concerning  the  lack  of  uniformity 
of  the  first  "wo  years  of  engineering  at  the  colleges  and  universities 
in  Massachusetts,  and  therefore,  there  can  be  no  exact  match  with  the 
engineering  transfer  program  and  all  engineering  programs  in  the  state. 

FACILITISS 

13.  Computer  facilities  require  upgrading  at  a  number  of  institutions.   Soft- 
ware requirements  need  to  be  established  and  languages  correlated  with  the 
senior  institutions  who  have  not  yet  agreed  upon  one  computer  language. 

14.  A  major  funding  effort  will  be  required  for  those  community  colleges  that  are 
selected  to  offer  sophomore  engineering  type  courses  with  laboratories.  Both 
capital  equipment  funds  as  well  as  annual  oiaintenance  funds  will  be  needed. 

CURRICULUM  AiNP  ARTICULATION  AGRES-fE^S 

Since  there  is  no  common  model  engineering  program  adopted  by  the  public 
universities,  there  can  be  no  match  with  the  lodel  transfer  program  which  is 
currently  under  consideration-   Therefore,  che  following  recommendations  are 
submitted  for  consideration: 
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15.  each  comnmaicy  collage  should  cricically  review  les  rasourcaa  and.  consider 
of  faring  only  chose  basic  core  subjects  vhich  do  aoc  re<?uire  addigional 
specialty  (eagiaeeriag  type)  faculty,  aad  costly  laboratory  aquipaenc  and 
space. 

16.  Certaia  commuaity  collages  should  be  designated  as  "specialty"  schools  to 
of far  selected  eagiaeeriag  type  subjects  vhich  relate  to  other  curricular 

'   offariags  aad  laboratory  facilities  currently  ia  place,  or  to  aeec  tie 

« 

specific  aeeds  of  its  geographic  serrice  area  aad  Che  Eagiaeeriag  College  to 
which  a  aajority  of  its  studeats  craasfar.  Articulation  agreements  mist: 
then  be  developed  with  chat  priaary  collage  of  eagiaeeriag. 

Spriagzield  Tachaicai  Comsuniey  Collage  aad  Northern  Issex  Cotmauaicy 
College  should  be  desigaatad  as  " special  ty'*  schools  with  eagiaeeriag  craasfar 
programs.  Morrh  Shore  Cooaiuaity  Collage  has  a  good  future  potential  for 
becomLng  a  specialEy  school,  however,  the   program  should  be  of farad  at 
aicher  che  Lynn  or  Beverly  Campus  but  ace  at  both.   The  economic  and  industrial 
growth,  ia  che  geographic  area  of  Bristol  Community  Collage  should  be  nonicorad 
with  che  possibility  chat  some  time  in  che  future  Bristol  might  also  be 
desianaced  a  soecialcy  school. 

17.  Transfer  articulation  agreements  should  be  developed  indi'ridxially  between 
che  commtinicy  collage  and  che  engineering  collage  recai'/iag  che  najority  of 
these  students  and  should  iaclude  comauai cations  at  che  division  and 
department  level. 

L8.   The  dynamic  aatura  of  engineering  curricula  will  recuira  continuous  revisions 
ia  che  curricula  at  che  cornmunicy  collages.   As  che  engineering  collages 
develop  more  project- type  courses  and  nove  chem  and  other  engineering  problem 
solvlag  courses  into  che  sophomore  or  freshman  level,  che  specialty  ccmmuaicy 
colleges  will  be  faced  with  a  camp lately  new  dimension  in  cheir  specialty 
classes  with,  a  costly  expansion  of  laboratory  aquipment  and  engineering  facull 
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L9.  The  developmenc  and  ucilizacion  of  various  computer  languages  by  che  colleges 

of  engineering  requires  closer  coordination  with  the  related  coranunity  colleges. 
As  both  hardware  and  software  develop,  this  problem  will  likely  be  aggravated. 


BESKSHIR2  COMMUNITY  COLLEGS 

Berkshire  Cotnmunity  College  is  a  relatively  sraall  collage  with  no 
"corridors  of  specialty."  Iq  philosophy,  they  laighe  be  considered  as 
generalises  offering  cvency  programs  in  four  divisions.   Enrollment  is 
approximately  2»000  in  the  day  and  approximately  1,300  in  the  evening. 

Graduates  from  the  local  high  schools  do  not  provide  the  primary  source 
of  students,  since  unemployment  in  the  area  brings  career  changes  and 
enrollment.   Approximately  50Z  of  Che  students  enrolling  transfer  to  a 
wide  range  of  institutions  of  higher  education  including  Che  University  of 
>!assachuse  tts . 

A  large  nixmber  of  college  students  cransfer  to  Berkshire  for  cheir 
academic  studies.  Ninety  percent  of  che  engineering  cransfer  students 
generally  complete  two  years,  however,  it  was  indicated  that  students 
do  not  leave  until  chey  are  ready  for  the  upper  division  institution. 

Formal  articulation  agreements  do  not  exist  at  che  present  time, 
however,  an  agreement  is  being  developed  with  Che  University  of  Massachusetts. 
Meetings  have  been  held  with  both  public  and  private  institutions  in  che 
region  to  discuss  informal  cransfer  arrangements  for  Berkshire  students. 
Seventeen  regional  high  schools  are  regularly  visited,  thus  providing  some 
degree  of  articxilation  at  chat  level. 


BRISTOL  CQMHUNIT?  COLLEGE 

Bristol  Cotmnunitj  Collage  is  situated  in  southeastern  Massachusetts, 
serving  a  large  population  including  a  large  atomber  of  first-generation 
immigrants.  Th.era  is  concarm  for  upward  mobility  on  the  part  of  the  young 
people.  The  area  has  the  historically  lowest  rate  of  high  school  graduates 
and  the  lowest  family  income,  as  well  as  linguistic  problems.  The  area  has 
had  the  highest  unemployment  for  a  forty-year  period  of  depression, 
developing  a  down-cycle  attitude  on  the  part  of  the  parents  and  little 
support  for  high  school  achievers.  The  area  is  supported  in  part  by 
diversified  light  manufacturing,  including  apparel,  electronics,  lighting 
and  rubber  industries.   Software  computer  activities  are  now  developing. 

Enrollment  includes  2664  day  students  and  2450  part-time  evening 
students.   Programs  are  offered  in  six  divisions.   There  are  90  full-time 
faculty  and  70  part-time  faculty.   There  are  7  full-time  faculty  and  2 
part-time  faculty  in  the  Engineering  Department.   The  evening  division 
utilized  200  to  300  "adjunct"  faculty. 

The  engineering  transfer  program  is  stable  at  approximately  120  in 
addition  to  60  p re-engineering  students.   The  survival  rate  of  62%  was 
reported  for  the  two-year  program. 

Students  enrolled  in  the  transfer  program  are  academically  fairly  good, 
but  often  need  upgrading  before  enrolling  in  the  mathematics  and  science 
courses  required  in  the  program.   Approximately  one-third  come  from  the 
regional  vocational  high  schools.   The  institution  desires  stronger  articulation 
arrangements  with  the  four  regional  vocational  high  schools. 

Articulation  agreemencs  have  been  established  formally  with  Roger  Williams 
College  and  with  SMtl.  Confusion  exists  as  to  how  the  model  curriculum  might  be 
implemented  because  the  public  engineering  collages  lack  a  common  curriculum  ac 
the  lower  di-'n.sion  level. 


rAPS  COD  COMMUNITY  COLLEGE 

Cape  Cod  Conaaunicy  College  is  unique  in  its   extensive  sunmer  activley 
due  £0  eiie  geographic  locacion  where  vacationing  students  usually  enroll. 
An  enrollmene  of  1,600  day  students  and  1,650  evening  students  was  reported. 
Enrollaent  in  Che  engineering  transfer  program  includes  50  students  including 
the  preparatory  program.   Approximately  20  students  advance  to  the  freshman 
level  and  can  to  fifteen  enroll  in  the  sophomore  level*   Student  population 
is  unique  in  a  bi-polarization  nature  with  more  students  entering  with 
poor  preparation  in  mathematics,  while  there  is  also  an  increase  in  the 
number  of  better-prepared  students  from  the  middle-class  economic  sector. 
It  was  also  noted  that  more  women  were  enrolling.   Approximately  one-half 
of  the  graduates  transferred  to  the  University  of  Massachtosetts  and  the 
other  half  co  Southeastern  Massachusetts  University. 

Cape  Cod  Community  College  has  found  an  innovative  means  of  supporting 
faculty  development  through  a  special  "fund  for  retraining  and  new  techni- 
cal developments."  This  provides  limited  support. 

Articulation  agreements  are  being  developed  with  the  University  of 
Massachusetts  but  serious  concern  was  evidenced  for  the  one-way  model 
whereby  the  community  colleges  have  little  opportunity  to  address  their 
concerns  co  che  upper  division  institution. 


G-REE^TELD   CO>JMUNIT?  COLLEGE 

Graenfiel<i  Cotnmunlty  College  has  been  established  for  20  years  in  a 
rural  locacion  but  reasonably  close  co  the  University  of  Massachusetts.   It 
is  close  to  the  industrial  community  and  therefore  has  strong  programs  in  the 
electronics  areas. 

With  1,625  day  students  and  1,750  evening  students,  it  is  probably  one 
of  the  smaller  community  collages  in  Che  state.   Enrollments  in  the  engineering 
transfer  program  are  relatively  low,  with  32  in  the  pre-engineering  and  first 
year  and  19  at  the  sophomore  level.  Another  20  evening  students  are  in  the 
transfer  program. 

The  Greenfield  Community  College  Foundation  is  18  years  old  vith  250 
aembers  who  have  provided  an  endowment  of  one-half  million  dollars.   From 
$50,000  to  $60,000  per  year  is  available  for  use  by  the  institution.   Pro- 
fessional development  funds  are  provided  in  the  amount  of  $5,000  per  year  for 
the  total  institution.  The  regular  budget  supplies  only  $50  per  year  per 
faculty  member. 

It  is  reported  chat  30%  of  the  students  transfer  to  the  University  of 
Massachusetts.   Registration  is  unique  in  chat  students  are  in  liberal  arts 
with  a  concentration  in  engineering  transfer  subjects. 

Some  of  the  current  facilities  are  can  years  old  and  are  depending 
upon  original  equipment  which  needs  Co  be  upgraded.   Plans  for  a  new 
building  are  in • the  inicial  phase.  Compiacion  ot  chat  building  nay  frae  up 
space  for  che  engineering  program  in  an  axiscing  facilicy. 

Articulation  agraemencs  are  being  developed  wich  cha  University  of 
Massachusetts.   A  raw  scudencs  cransfar  co  che  Universicy -of  Lowell  and 
Soucheastem  Massachuseccs  Universicy.  but  ancouncer  little  difficulty. 


HQLYOKE  COMMUNITY  COLLEGE 

Holyoke  Cotmatinlty  Collage  enrollmenc  is  3,200  day,  2,200  evening  vlth 
six  divisions.  The  engineering. cransfer  program  is  in  Che  Division  of 

Phvsical  Sciences,  Mathetnacics  and  Technology.   The  division  enrolls 
400  scudencs. 

Snroilmenc  in  Che  engineering  cransfer  program  is  approximataly  120, 
including  Che  ore-engineering.   Sophomore  enrollaenc  is  approicimately  30,  with 
only  10  completing  requirements  for  graduation.  Most  students  transfer  prior 
Co  completing  the  cvo-year  cransfer  program,  or  chey  move  co  che  engineering 
cechnology  program,  which  is  separate  and  distinct  from  the  engineering  transfer 
program. 

Articulation  agreements  are  in  che  process  of  being  developed  with  Che 
University  of  Massachusects  for  programs  in  Slectrical  and  M.echanical 
Engineering.   Sixty  co  seventy  percent  of  che  students  transfer  to  the 
University  of  Massachusetts. 
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NORTH  SHORE  COMMUNITY  COLLEGE 

North  Shore  Coinmunicy  College  is  situated  28  miles  north  of  Boston, 
serving  che  north  shore  of  Boston.   Ic  is  unique  in  having  cwo  facilities 
approximately  11  miles  apart.   Current  enrollment  is  2,900  day  division 
students  and  5,000  students  in  che  Division  of  Continuing  Education. 

New  facilities  will  be  available  in  Lynn  in  the  spring  of  1985,  supplementing 
che  facilities  in  Beverly  and  che  Norwood  Pond  Campus  now  in  che  planning  stage. 
Eventual  plans  would  include  cwo  campuses  at  Lynn  and  Beverly,  11  miles  apart. 

The  area  has  a  high  unemployment  rate.   In  che  past,  chis  was  a  dynamic 
industrial  community.   The  pool  of  students  includes  two  sectors  -  economically 
poor  families  as  well  as  students  from  middle-class  families  who  could  afford 
to  send  their  children  to  che  universicy.   The  450,000  people  in  the  primary 
service  area,  therefore,  provide  students  with  a  strong  interest  in  the 
community  college.   The  engineering  transfer  program  is  anticipated  to  double 
with  the  completion  of  the  cwo  campuses. 

Articulation  agreements  have  been  established  with  a  number  of  institutions  e.g. 
Salem  State  and  the  University  of  Lowell  where  formal  agreements  have  been  developed 
with  the  program  coordinator  for  che  Mechanical  Engineering  program.   Scudencs 
have  access  to  the  Northeast  Consortium  of  Colleges  and  Universities  in 
Massachusetts  and  che  cross-registration  policy  wichouc  additional  cuition. 

The  Center  for  Professional  and  Academic  Development  provides  a  unique 

program  available  to  the  faculty,  staff  and  administration  to  bring  speakers 
and  to  develop  other  means  of  supporting  professional  develoomenc,   A  Professional 

Day  is  regularly  scheduled,  with  workshops,  speakers  and.  seminars  as  an  all- 
college  activity. 


NQRTHi:S5  ESSSX  C0M>fUNIT7  COLLEGE 

Northern  Essex  ConaHtinicy  College  is  a  comprehensive  institution  with 
3,600  day  students  and  5,000  evening  students.  There  are  six  academic 
divisions.   In  addition,  there  are  75  students  at  two  industrial  locations. 
^fore  Hispanics  are  moving  into  the  area  and  therefore,  to  the  engineering 
transfer  program.   An  increase  in  female  population  has  also  been  noted. 
Growth  is  anticipated  in  the  engineering  transfer  program  when  the  University 
of  Lowell  limits  their  enrollments,  thus  encouraging  the  community  college 
to  do  the  "weeding"  in  the  first  two  years. 

Facilities  are  overloaded;  scheduling  of  large  laboratory  and  lecture 
classes  has  produced  difficulties  in  tnaintai-ing  quality  education.   Special 
budget  action  this  year  provided  $50,000  to  s.-:;rpiy  some  computer  equipment; 
however  more  is  required. 

Articulation  agreements  are  in  the  process  of  being  developed  with  the 
University  of  Lowell;  however,  there  is  concern  that  the  model  curriculum 
does  not  meet  both  curricula  at  the  University  of  Massachusetts  and  the 
University  of  Lowell. 

There  was  evidence  of  concern  about  the  polarization  within  Che  faculty  becvee 

the  technical  and  che  non- technical  faculty  wich  respect  to  salary,  benefits, 
workloads,  etc. 

The  size  of  the  program  is  large  enough  to  have  several  faculty  with 
engineering  degrees  and  some  industrial  experience,  A  large  nuirJ:er  of  students  i 
complete  their  program  and  enter  the  L^iversitv  of  Lowll  engineering  program. 
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QUINS IGAMOND  COMMUNITY  COLLEGE 

Quinsigamond  Communicy  College  serves  an  area  which  was  previously 
heavy  induscry  and  manufacturing  chac  is  now  moving  coward  high  cechnology. 
Therefore,  che  college  is  heavily  involved  in  retraining  for  high  cechnology. 

Student  population  was  reported  at  2,600  day  students  and  3,000  evening 
students  and  is  anticipated  co  be  fairly  stable  in  enrollment.   The  current 
limitations  on  space  throughout  che  campus  is  a  factor  influencing  difficulty 
in  offering  appropriate  laboratory  classes  in  che  division.   Plans  are  in  process 
for  a  new  building. 

It  is  particularly  noted  chat  che  four  semester  physics  sequence  is  offered 
wichout  calculus  until  che  fourth  semester,  although  a  little  calculus  is 
included  in  che  third  semester.   The  University  of  Lowell  requires  a  calculus- 
based  physics,  cherefore  cransfar  students  must  repeat  che  physics  sequence. 
The  University  of  Massachusetts  generally  accepts  che  physics  as  a  four 
semester  package. 

The  institution  serves  three  universicies  as  well  as  a  number  of  private 
insticutions.   Since  chere  is  no  model  engineering  program  adopced  by  che 
public  universicies,  there  can  be  no  match  with  the  model  cransfer  program 
which  is  currently  under  consideration.  • 


gPTtlNGrr^-Q  TSC5MTCAL  COMMUNITT  COLI£GS 

Springfield  Technical  Conaminity  College  is  unique  in  ics  origin,  offering 
strong  cechnlcal  and  engineering  cechnology  programs  o-^-er  a  long  period  of 
cifflc.   It  is   Che  only  school  in  che  Springfield  area  offering  the  pre- 
engineering/ engineering  transfer  program.  The  program  ia  separata  from  che 
engineering  technology  curriculum  which  ia  a  non-calculua-based  curriculum. 
Currently  enrollment  includes  3,600  day  school  and  3,600  evening  students  in 
aina  divlaiona.  A  trend  coward  a  younger  student  population  was  noted. 

Articulation  agreements  are  not  currently  established.  The  institution, 
however,  customizes  the  student's  sophomore  schedule  for  easy  transfer  to  the 
Worcester  Polytechnlcal  Institute  or  the  University  of  Massachusetts. 

Computer  facilities  are  located  in  the  business  school,  which  controls 
its  use.  The  engineering  transfer  scudanes,  therefore,  have  llailted  access 
Co  che  eqtilpment.   A  decision  on  the  utilization  of  che  computer  either  on 
a  closed  or  open  system  is  necessary  at  Springfield. 

In  addition  to  the  pre-engineering  students,  129  students  were  enrolled 
in  the  engineering  transfer  program.  Students  were  very  well  qualified  in  terms 
of  pre-college  test  scores  and  acceptance • by  the  engineering  schools  of  the 
State.  Tlie  faculty  were  qualified  by  virtue  of  academic  engineering  degrees 
and  experience  in  industry. 
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Appendix  D 
Massachusetts  Statistics 
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Appendix  E 
Regents'  Statement  on  Manpower 


APPENDIX 
STATEMENT  ON  ENGINEERING  MANPOWER 

From  Che 
Ad  Hoc  CommiCtee  on  Engineering  Manpower 


Once  the  Regents  had  decided  to  review  engineering  statewide,  an 
essential  component  and  logical  first  step  was  to  forecast  the  need 
for  engineering  manpower  for  the  remainder  of  the  decade.   To  do 
this  properly,  it  was  important  to  understand  the  relationship 
between  supply  and  demand.   This  was  critical  in  determining  whether 
the  need  for  engineers  was  being  met  within  the  state.   An  analysis 
was  carried  out  by  Dr.  Neville  Lee,  Senior  Economist  at  the  Bank  of 
Boston.   In  order  to  place  this  analysis  in  perspective,  the  Ad  Hoc 
Committee  on  Engineering  Manpower  reviewed  the  reports  of  projected 
demand  for  engineers  of  the  Massachusetts  High  Technology  Council, 
the  Division  of  Employment  Security,  the  National  Science  Founda- 
tion, and  the  American  Electronics  Association.   The  methodology 
employed  in  each  study  was  explained  to  the  Committee  by  key 
researchers  involved  in  each  of  the  studies.   Various  study 
components  were  examined  and  discussed  to  determine  whether 
assumptions  made  in  each  were  comparable  or  not,  and  if  they  were 
not,  to  understand  why.   In  addition,  the  report  of  the  Center  for 
Labor  Market  Studies  at  Northeastern  University  and  the  American 
Electronics  .Association  projections  for  Massachusetts  were  made 
available  to  the  Committee. 

The  weight  of  the  evidence  compiled,  and  examined  indicates  that  the 
projected  demand  for  entry  level  mechanical  and  chemical  engineers 
is  presently  and  will  continue  to  be  met  by  the  projected  supply  of 
graduates  and,  in  fact,  in  these  fields  there  appears  that  there 
will  be  a  surplus  of  engineers  by  1987. 

In  electrical  engineering,  the  situation  is  less  clear  regarding  the 
balance  between  supply  and  demand.   The  studies  cited  above  indicate 
that  the  demand  for  entry  level  electrical  engineers  per  year  will 
be  matched  by  the  numbers  of  graduates  projected  regardless  of  the 
methodology  employed.   Even  wlch  the  sophisticated  supply  model 
developed  for  NSF  by  Roberc  Dauffenbach  et  al  (which  factors  in 
items  which  influence  supply  such  as  numbers  of  new  entrants 


available,  immigrant  entrance,  outmobility  and  attrition)  is 
applied,  under  various  scenarios  and  assumptions,  Chere  appears  co 
be  at  least  a  balance  at  the  entry  level.   The  rapid  expansion  of 
undergraduate  engineering  programs  which  has  occurred  in  boch  public 
and  private  institutions  is  the  major  reason  for  the  apparent 
balance  between  supply  and  demand. 

It  should  be  noted,  however,  in  weighing  the  evidence  and  drawing 
conclusions  that  to  date  no  methodology  for  projecting  the  balance 
between  supply  and  demand  for  engineers  has  proven  to  be 
satisfactorily  predictable.   There  continues  to  be  wide  differences 
of  opinion  between  members  of  the  high  technology  industry  and  the 
labor  economists  who  try  to  assess  the  adequacy  of  future 
engineering  manpower.   Labor  economists'  models  are  based  on 
historical  data  and  do  not  take  into  account  a  possible  shift  in 
future  hiring  practices  of  high  technology  industries.   If  such 
companies  were  to  shift  their  hiring  practices  and  employ  more  new 
graduates  instead  of  exDerienced  engineers,  there  could  he  a 

shortage.   In  addition,  further  high  tech  industry  growth  may  depend 
on  such  a  shift  actually  occurring. 

In  view  of  these  differences,  the  Ad  Hoc  Committee  is  recommending 
that  a  monitoring  system  be  put  in  place,  with  a  sense  of  urgency, 

to  track  data  in  the  Comnonwealth  on  supply  and  demand  for 

engineers.   This  data  should  include  the  followin?:  information  by 
engineering  dearee  category:   enrollnient  denanH;  degrees  granted; 
position  offers  to  graduates  of  both  Dublic  and  independent  cair.puses; 
and  engineering  emplo^nnent  data,  differentiated  by  degree  category 
between  entry  level  and  experienced  hires,  from  the  major  enTslovers 
in  the  Commonwealth, 

Since  supply  data  from  Massachusetts  universities  show  that  the 
number  of  baccalaureate  engineering  degrees  granted  after  1983-84 
remains  flat,  it  appears  that  capacity  for  undergraduate  engineering 
education  will  not  expand  very  much  for  at  least  the  next  two  to 
three  years.   There  was  a  consensus  within  the  Committee  that 
emphasis  over  the  next  few  years  should  be  placed  on  improving  the 
quality  of  undergraduate  engineering  as  opposed  to  further  expansion 
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of  enrollmenC3.   This  will  give  t±me   Co  better  assess  the  future 
needs  for  engineering  educational  capacity. 

While  engineering  Baccalaureate  and  Master's  degrees  awarded  are 
essentially  doubling,  the  number  of  Doctorates  awarded  is  decreasing 
by  fifty  percent.   This  decline  poses  serious  problems  for  both 
engineering  schools  and  industry.   Doctorally  educated  engineers  in 
greater  numbers  are  essential  to  relieve  high  student /faculty  ratios 
in  our  engineering  schools,  as  well  as  to  support  growing  research 
and  development  efforts  in  both  universities  and  industry. 

The  consensus  reached  by  the  Ad  Hoc  Committee  and  its  informa- 
tion were  made  available  to  the  team  of  avaluators  who  began  their 
site  visits  on  February  5,  1984  and  to  the  Deans  of  Engineering  for 
their  comments.   The  evaluation  phase  will  attempt  to  focus  on  such 
questions  as  the  Improvement  of  program  quality,  whether  programs 
are  meeting  current  needs  of  industry,  whether  greater  use  of  new 
instructional  technologies  should  occur,  and  whether  or  not 
engineering  schools  should  be  more  involved  in  retraining  existing 
engineers. 

At  the  completion  of  the  evaluation  phase,  Dr.  Joseph  Hogan  will 
develop  a  comprehensive  report  on  engineering  education  in  the 
Commonwealth  with  recommendations  for  Regents'  consideration. 


